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FIFTY-SECOND ANNUAL REPORT 


OF THE 


SECRETARY 


STATE BOARD OF AGRICULTURE 


TWENTY-SIXTH ANNUAL REPORT 


OF THE 


EXPERIMENT STATION 


FROM 


JULY 1, 1912, TO JUNE 30, 1913. 


Vata eeeree oi nsiSy 


BY AUTHORITY _ 


LANSING, MICHIGAN 
WYNKOOP HALLENBECK CRAWFORD CO., STATE PRINTERS 
: 19138 


REPORT OF THE SECRETARY 


OF THE 


STATE BOARD OF AGRICULTURE 


East LANSING, Micu., July 1, 1913. 
To Hon. Woopprince N. FErRis, 


Governor of the State of Michigan: 

Sir—I have the honor to submit to you herewith, as required by law, 
the accompanying report for the fiscal year ending June 30, 1913, with 
supplementary papers. 

Very respectfully, 
ADDISON M. BROWN, 
Secretary of the State Board of Agriculture. 


STATE BOARD OF AGRICULTURE 


' Term expires. 
WILLIAM H. WALLACE, Saginaw........ Ist Monday January, 1916 


PnOoy WATERBURY, Detroit............ Ist Monday January, 1916 
2OHN W. BEAUMONT, Detroit........... Ist Monday January, 1918 
ASTON WOODMAN, Paw Paw............ Ist Monday January, 1918 


ROBERT D. GRAHAM, Grand Rapids......1st Monday January, 1920 
SHAIRMAN OF THE Boarp. 


PoP Rtas): DORERTY,. Clare... ...6..... Ist Monday January, 1920 
LUTHER L. WRIGHT, Supt. or Pusiic INsrruction,.......H£-Officio 
JONATHAN L. SNYDER, PReEsIDENT oF THE COLLEGE,........ Hx-Officio 


ADDISON M. BROWN, East Lansing, Secretary. 
BENJAMIN F. DAVIS, Lansing, Treasurer. 


STANDING COMMITTEES. 


DIVISIONS OF AGRICULTURE AND OF 


Ween ARY, | SCIBNCE...... 5 2..'62 5. ts I. R. Waterbury, R. D. Graham. 
Division Or ENGINEERING.........A. J. Doherty, J. W. Beaumont. 
Division oF Home ECONOMICS.....- Jason Woodman, I. R. Waterbury. 
DIVISION OF SCIENCE AND Lerrers..J. W. Beaumont, W. H. Wallace. 
pun SP eRIONs 3 cries G Sie ait se W. H. Wallace, A. J. Doherty. 
NDEI OSD) SO alee ay eo a t. D. Graham, J. W. Beaumont. 
PIMPIN Mine tec efotene) Fao. wo at.citdis 4 ee «i dees %. D. Graham, W. H. Wallace. 
Farmers’ INSTITUTES.............A. J. Doherty, Jason Woodman. 


BUILDINGS AND CoLLeGe Property... I. R. Waterbury, Jason Woodman. 
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MAR 21 1914 


MICHIGAN AGRICULTURAL COLLEGE 


(Under Control of the State Board of Agriculture.) 


FACULTY AND OTHER OFFICERS. 


JONATHAN L. Snyper, A. M., Ph. D., LL. D., President; 2» ¢* Feb. 25, 796. 

WILLIAM J. Beat, Ph. D., D. Sc., Emeritus Professor of Botany; #> June 
9, °70; ¢ June 15, 710. 

Frank S. Kepzip, M. S., D. Se., Professor of Chemistry; * Sept. 15, ’80; 
be Sept; 1, ’02. 

Levi R. Tart, M. S., Superintendent of Farmers’ Institutes and State 
Inspector of Orchards and Nurseries; # Aug. 1, ’88; >¢ July 
1202: 

|| WARREN Bascocr, B. S., Professor of Mathematics; *» June 30, ’91; 
e July 1, ’09. 

Wiceur O. Heprick, M.8., Ph. D., Professor of History and Economics; 
ab Aug. 24, 91; ¢ June 20, ’06. 

HERMAN K. Vepprr, C. E., Professor of Civil Engineering; 2” Sept. 15, 
Oe UY hg. OO: 

Wa.rrr B. Barrows, B. 8., Professor of Zoology and Physiology and 
Curator of the General Museum; 2° Feb. 15, ’94. 

Rurus H. Perrir, B. 8. in Agr., Professor of Entomology; ? Jan. 1, ’97; 
be Sept. 1, ’06. 

JOSEPH A. JEFFERY, B. S. A., Professor of Soils and Soil Physics; # Sept. 
pe dee US TATIg. 64 708: 

Maupe Gitcurist, B. S., A. M., Dean of Home Economics; *»¢ Sept. 1, 
OL. 

AppISON M. Brown, A. B., Secretary of the College; 2>¢ June 1, ’02. 

Rosert 8S. Suaw, B.S. A., Dean of Agriculture; 2” Sept. 1, 02; ¢ Jan. 
15, ’08. 

Huipa YAKELEY, Registrar; 2 July 15, 03; >¢ June 1, ’08. 

ARTHUR R. Sawyer, B. S., E. E., Professor of Physics and Electrical 
Engineering; 2° April 11, ’04. 

A. Crossy ANDERSON, B. S., Professor of Dairy Husbandry; @ Sept. 
1, 705; © June 10, 09; © June 15, ’10. 

GeEorGp W. BissELL, M. E., Dean of Engineering and Professor of Mechan- 
ical Engineering; 2>¢ June 18, ’07. 

J. Frep Baker, M. F., Professor of Forestry and Supervisor of Forest 
Reserve Lands; aD - Oct 1,0: 

Warp. Gittner, D. V. M., M. &., Acting Professor of Bacteriology and 
Hygiene; ®» July 1, 08: € Sept. ia 

Harry J. Evsrace, B. S., M. fa Professor of Horticulture; *>°¢ Aug. 

5, 708. 

Vicror T. WiLson, M. E., Professor of Drawing and Design; *>¢ Sept. 

1, ’08. 
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Water H. Frencu, M. Pd., Professor of Agricultural Education; 2° 
Sept. 1, 08. 

VERNON M. SHoesmiru, B. 8. Professor of Farm Crops; 2» ¢ Feb. 14, ’09. 

Ernst A. Bessey, Ph. D., Coe of Botany; 7>¢ June 15, 710. 

AGNES Hunt, B. 8., Professor of peas Science; aye -Sept. £7105 

Ricuarp P. Lyman, B. S., M. D. Dean of Veterinary Science; Pro- 
fessor of Veterinary Wedieiacc abe Sept. 28, 10. 

JOHN F. MACKLIN, Professor of Physical Culture; Director of Athletics; 
abe March 8, 711. 

Lirut. Anton C. Cron, Professor of Military Science and Tactics; 2° 
Sept. 1, 711. 

WittrAm W. Jounsron, A. M., Professor of English Literature and 
Modern Languages; *»°¢ Sept. 1, *12. 

EBeN Mumrorp, Ph. D., pe Director of Farm Management Field 
Studies; SVE OG 2 Las 

Epwarp H. R YDER, M. A., ane iate Professor of History and Economies ; 
# ‘Sept, 1, ’055°"'* Oct. 215 709: 

Cuacn Newman, Assistant Professor of Drawing; * Sept. 1, ’97; >¢ 
Sept. 1, ’07. 

I. Sytvesrer Kina, Assistant Professor of English; * Jan. 1, ’00; ® © Sept. 
S03; 

JESSE J. Se B. S., Assistant Professor of Zoology; 2” Sept. 1, ’01; 

¢ June 26, ’07. 

JosepH A. Porson, B. S8., Assistant Professor of Mechanical Engineering; 
ab Sept. 1, 06; © May 7, ’08. 

Artnuur J. CLuark, A. B., Assistant Professor of Chemistry; ®” Sept. 1, 
06; ¢ June 10, 709. 

Wy.uip B. Wenn, B. ©. E., Assistant Professor of Civil Engineering; 
ab Sept. 1, 06; ¢ May 26, ’09. 

WituiAm L. Loner, B. S., M. A., Assistant Professor of Physics; *» Oct. 
2710050 ° CAgt 12.700: 

Frank H. Sanrorp, B. 8., Assistant Professor of Forestry ; * Dec. 1, 706; 
¢ May 1, 709. 

CHaries P. HALLIGAN, B. S., Assistant Professor of Horticulture; 2” Apr. 
8, 701; ¢ May 7, 708. 

Ricnuarp ppZeruw, Ph. D., Assistant Professor of Botany; ®» Sept. 1, 
09; © Sept. 1, 710. 

IpwArp J. Kunze, B. S., M. E., Assistant Professor of Mechanical En- 
gineering; #>¢ Sept. 1, 710: 

Frank W. CHAMBERLAIN, B. S., D. V. M., Assistant Professor of Vet- 
erinary Science; *»¢ Jan. x Aue 

JoHN 8. McDanirz, B. 8., D. V. S., Assistant Professor of Veterinary 
Surgery; 2>¢ Sept. ite 44. 

Cyrus A. Mericx, D. C. E., Assistant Professor of Civil Engineering ; 
aDe Sent a 21h: 

CHarites W. Coapman, A. B., B. S., Assistant Professor of Physics; * 
Jan, 207+). o Sept, 4, it 

Ratpu C. Husron, M. S., Assistant Professor of Chemistry; *»¢ Sept. 
: ie 

Revsen L. Nye, B. S., Assistant Professor of Agricultural Education ; 
abe Sept. 1, 712 


FACULTY AND OTHER OFFICERS. 9 


The names of instructors whose resignations took effect between June 
30 and Sept. 1, 712, do not appear below. 


THOMAS GuNson, Instructor in Horticulture and Superintendent of 
Grounds; *» April 1,.’91; ¢-Sept. 1, 705. 

Carouine L. Hour, Instructor in Drawing; *»¢ Sept. 1, 798. 

Louise Freynorer, Bb. 8., Instructor in Music; *»¢ Sept. 1, ’02. 

Norma L. Giucurisr, A. B., Instructor in English and German; *» © Sept. 
1.08. 

L. Zan Norrurup, B. S., Instructor in Bacteriology; *»¢ Sept. 1, ’07. 

Mrs. Minniz A. W. Henpricx, A. B., Instructor in History and Eco- 
nomics; * Sept. 1, 07; >¢ Sept. 1, 208. 

Witit1Am A. Rosinson, A. B., S. T. B., Instructor in English; 2>¢ 
Sept. 1, ’07. 

Rose M. Taytor, A. B., Instructor in Botany; 2»°¢ Feb. 8, 708. 

Grorce D. SHarer, Ph. 1)., Instructor in Entomology; * July 1, ’08; 

be Sept. 1, ’08. 

ISABEL P. Sneverove, Instructor in Drawing; *»°¢ Sept. 1, ’08. 

Grorce A. Brown, B. 8., Instructor in Animal Husbandry; 2»°¢ Sept. 
ily kek 

Mrs. LinniAn LL. Pepparp, Instructor in Domestic Art and Domestic 
Science; 2¢ Sept. 1, ’08. 

Wituiim E. Laycock, Instructor in Physics; 2°¢ Sept..1, ’08. 

ANTOINETTE A. Rosson, Instructor in German and English; *°°¢ Jan. 
e709: 

BENJAMIN B. Rosesoom, Jr., B. S., Instructor in Zoology; 2»¢ Jan. 15, 
209: 

ANDREW WArTrt, Instructor in Blacksmithing; #»¢ April 1, ’09. 

Maurice F. Jounson, B. 8., Instructor in Mathematics; 2>¢ April 1, ’09. 

Cuaries H. Spurway, B. S., Instructor in Soil Physics; 2>¢ Sept..1, ’09. 

Harry H. Musserman, B. 8., Instructor in Farm Mechanics; #>¢ Sept. 
109: c 

STANLEY E. Crowe, B. A., Instructor in Mathematics; 2? ¢ Sept. 1, ’09. 

*JAMES E. Rovertson, B. S., Instructor in Mathematics; 2>¢ Sept. 1, 
09. 

Ernst I. Beicuie, B. S., Instructor in Mathematics; 2° Sept. 1, 709. 

Litoyp C. Emmons, B. S., A. B., Instructor in Mathematics; #°¢ Sept. 1, 
09. 

Hucu A. Snepr, B. S., Instructor in Mathematics; 2° Sept. 1, ’09. 

Freperick A. Burt, B. 8., Instructor in Zoology; 2»¢ Sept. 1, ’09. 

RicHarp H. Reece, B. S., Instructor in Mathematics; #»¢ Jan. 1, 710. 

Dewey A. Sentey, B. S., Instructor in Meteorology; 2¢ March 16, ’10. 

Hueenta I, McDaniex, A. B., Instructor in Entomology; #»¢ April 1, 
AKU 

Sere’r. Parrick J. Cross, Instructor in Military Science and Tactics; 
arco Maye L710: 

Rura F. Auten, Ph. D., Instructor in Botany; #»¢ Sept. 1, 710. 

ANDREW M. OcKeERBLAD, B. 8. in C. E., Instructor in Civil Engineering ; 
ubic-Sept.; 1,710. 

Ernest A. Evans, Instructor in Mechanical Engineering; ?©°¢ Sept. 1, 
710. 


*Ernsr G. Fiscuer, Ph. B., Instructor in German; 2» ¢ Sept. 1, 710. 
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BertHa E. Fuoomeson, A. B., Instructor in Botany; *°¢ Sept. 1, ’10. 
Louis B. Mayne, A. B., Instructor in English; *>¢ Sept. 1, 710. 
James L. Morsp, Instructor in Mechanical Engineering; *»¢ Sept. 1, 


10. 
ArtHur S. Smiru, Instructor in Mechanical Engineering; ®°¢ Sept. 1, 
10. 


Frep KILLEEN, Director of M. A. C. Chorus; 7» ¢ Sept. 1, °10. 

Oren L. Snow, B. S., Instructor in Physics; 2»¢ Sept. 1, 710. 

Gerorce H. Coons, A. M., Instructor in Plant Pathology; #>°¢ Jan. 1, 711. 

W. Irvine Gitson, B. S., Instructor in Forestry; #>¢ Jan. 1, 711. 

Fioyp E Foeter, Instructor in Farm Mechanics; ®®¢ Mareh 8, 711. 

FREDERICK W. Bentzen, B. S., Instructor in Chemistry; 2» ¢ Sept. 1, 711. 

Racuert M. Benuam, B. S., Instructor in Bacteriology; 2° Sept. 1, 711. 

Epwarp D. Kingman, Ph. B., Instructor in Civil Engineering; #» ¢ Sept. 
yen 

JOHN R. Mircuety, A. B., Instructor in Chemistry; #>°¢ Sept. 1, if. 

Watton S. Birrner, B. A., Instructor in English and German; 2? ¢ Sept. 
dott: 

Epvira W. Casuo, Instructor in Physical Culture; #»¢ Sept. 1, ’11. 

MILTON Simpson, M. A., Instructor in English; #»°¢ Sept. 1, 711. 

Rurvus P. Hisearp, Ph. D., Instructor in Plant Physiology; 2 ¢ Sept. 1, 
aot. 

Joun O. Linton, B. S., Instructor in Poultry Husbandry; 7° Sept. 1, 
3 ia 

Bruce E. Harrsucnu, A. B., Instructor in Chemistry; #*¢ Sept. 1, 711. 

CuHares S. Dunrorp, M. A., Instructor in Economics; 7° Sept. 1, 711. 

Cuartes D. Curtiss, B. S., Instructor in Civil Engineering; 2° Sept. 
| a 

Grorce W. Hoop, B. S., Instructor in Horticulture; 2° Sept. 1, 7°11. 

Frans H. H. Van SucuTeten, Ph. D., Instructor in Bacteriology; #>° 
Sept. 1, 711. 

Curtis L. Correen, B. S., Instructor in Farm Crops; #¢ August 15, 712. 

Mase L. Lerrver, Mus. B., Instructor in Music; #>°¢ Sept. 1, 712. 

Cart E. New tanper, B. S., Instructor in Dairy Husbandry; #”°¢ Sept. 
5 ge VB 

Guy A. Reppick, A. B., Instructor in Chemistry; 2» ¢ Sept. 1, 712. 

Merton M. Cory, B. S., Instructor in Electrical Engineering; *”¢ Sept. 
1, 282, 

ALLEN C. Concer, B. 8., M. A., Instructor in Zoology; 2»°¢ Sept. 1, 712. 

Ora G. YENAWINE, B. S., Instructor in Domestic Art; 2° Sept. 1, 712. 

Virginia C. Ricnyson, A. B., Instructor in Domestic Science and Do- 
mestic Art; #>¢ Sept. 1, 712. 

Joun P. Hurron, D. V. M., Instructor in Veterinary Surgery; 2° Sept. 
5 cg DE 

CHANNING W. Parsons, B. S., Instructor in Civil Engineering; 2 ¢ Sept. 
1,7 i2, 

Cart Heap, B. S., in M. E., Instructor in Drawing; 2” ¢ Sept. 1, ’12. 

Rate E. Vennum, A. B., Instructor in English; #5°¢ Sept. 1, 712. 

Epwarp L. SHeparp, B. 8S. in C. E., Instructor in Civil Engineering; *>¢ 
Sept. 1, 712. 


FACULTY AND OTHER OFFICERS. 11 


Dora von WALTHAUSEN, Instructor in French; #>¢ Sept. 1, 712. 

Epwarp H. Conroy, Instructor in Chemistry; *>¢ Sept. 1, 712. 

THomas W Firzceravp, B. 8., M. E., Instructor in Mechanical Engineer- 
ing; 25¢ Sept. 1, 712. 

CHARLES B. Mitcue.tt, M. A., Instructor in English; 2%¢ Sept. 1, ’12. 

VeERNE FE. LeRoy, A. B., M. S., Instructor in Zoology; 2 ¢ Sept. 1, 712. 

Damon A. Spencer, B. S8., Instructor in Animal Husbandry; ®” © Sept. 


i ad 
Watrer G. Warp, B. S. in Archt., Instructor in Drawing; 2° Sept. 1, 
ft Le 


Homer E. Dennison, Instructor in Dairy Husbandry; 2° Sept. 1, 712. 

Eram T. Hartman, D. V. M., Instructor in Bacteriology; 25° Sept. 1, 
712. 

Orvittp A. JAMISON, B.S. in Agr., Instructor in Dairy Husbandry; #»°¢ 
Sept. 1, 712. 

Wiwui1am M. Wists, A. M., Instructor in Mathematics; 2°°¢ Oct. 1, 712. 

SrepHen V. Kiem, M. S., Instructor in Forestry; 45° Jan. 1, 713. 

Martin G. FeveruHak, Instructor in Mathematics; 2>°¢ Feb. 23, 138. 

Linpa E. Lanpon, Librarian; 2°¢ Aug. 24, ’91. 

KE. C. Baker, Foreman of Foundry; 2¢ Nov. 1, ’97. 

Lory F. Newey, Engineer; 2°°¢ Jan. 1, 98. 

BENJAMIN A. Faunce, Clerk to President and Editor M. A. C. Record; 
Se Sepie els (00. DcvApr £710: 

Rowena KercuumM, Nurse in Charge of College Hospital; 2 °¢ Sept. 1, 
00. 

ANDREW P. KreNTEL, Foreman of Wood Shop; #”¢ Sept. 1, ’02. 

CHARLES W. Brown, B. S., Assistant in Bacteriology; #>° Aug. 1, ’06. 

Wititiam R. Houmes, Foreman of Forge Shop; 2° Sept. 1, ’06. 

JAcos Scuepers, Cashier; 25 May 1, 07; ¢ July 1, ’07. 

RatpeH S. Hupson, B. S., Farm Foreman; #°¢ Dee. 1, ’07. 

Maup A. Mescu, Chief Clerk to Secretary; 2» April 1, ’08; ¢ Sept. 1, 710. 

AuBert H. Davis, Foreman of the Horticultural Department; #”¢ Sept. 
1208: 

Witi1am F. Raven, Live Stock Field Agent; 2>¢ April 1, ’09. 

Ottver K. Waitt, B. S., Horticultural Field Agent; #>¢ April 1, ’09. 

Epwarp ©. Crawrorp, Shop Engineer; #¢ July 1, ’09. 

Rosert J. BALDWIN, B. S., Executive Assistant to Dean of Agriculture; 
te Sepals U9 Ve san: Al, 710. 

Artuur R. Porrs, Field Agent Soils and Crops; 2”¢ Sept. 9, ’09. 

Louise E. Watswortu, Clerk to Secretary; 2>°¢ Jan. 17, 710. 

WarreEN S. Ropsins, B. S., Assistant in Bacteriology; 2®¢ Apr. 1, 711. 

Euizasetuh M. Pavm, B. S.,. Assistant Librarian; 25¢ July 15, 711. 

Buiancurn A. BircHarp, Clerk to President; 2¢ Aug. 10, 711. 

CHartes D. Berrs, Purchasing Agent; 2>¢ Sept. 1, 711. 

JOHANNIS C. TH. Urnor, in charge of Botanic Garden; 2>°¢ Feb. 23, 712. 

Comrorr A. Tyrer, Forestry Field Agent; 2¢ April 23, 712. 

Lena M. MAxwe tt, Assistant Cashier and Bookkeeper; #®¢ Aug. 1, 712. 

Jay Situ, Assistant in Machine Shop; 2° Sept. 1, 712. 

Mrs. Mary H. Pace, House Director; 2° Sept. 1, 712. 

Louise F. Rau, Clerk to Secretary; 25° Nov. 21, 712. 
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EXPERIMENT STATION WORKERS. 


ANDREW J. Parren, B. S., Chemist; 25* Sept. 1, 705. 
Frank A. Sprace, M. S., Research Assistant in Farm Crops (Plant 
Breeding) ; 2»* Dee. 1, ’06. 
Ciartes 8. Rozrnson, M. S., Research Assistant in Chemistry; 2 ¢ Sept. 
ie. 
Myra V. Bocug, Bulletin Clerk; 2° Jan. 1, °10. 
George J. Bouyoucos, Ph. D., Research Assistant in Soils; 2>* June 
1 BA ae 
Wiu1Am C. Marti, B. S., Assistant in Chemistry; 2 ¢ Sept. 1, 711. 
Leo R. Himmeceercer, B. S., Assistant in Bacteriology; 25° July 1, 12. 
Arao Ivano, B. 8., Research Assistant in Bacteriology; #>¢ Sept. 1, 712. 
Deceased June 3, 1913. 
*Resigned. 
aFirst appointment. 


bPresent appointment, 
cPresent title. 


AGRICULTURAL EXPERIMENT STATION 


OF THE 


MICHIGAN AGRICULTURAL COLLEGE 


(Under the control of the State Board of Agriculture.) 


STATION COUNCIL. 


JONATHAN L. SnyprEr, A. M., Ph. D., A. Crosspy ANDERSON, B. S., 
? . . 
Jy, 1b IDS President Hx-officio. | Dairy Husbandman. 
Rosert 8. Suaw, B.S. A., | Rurus H. Permit, B.S. A., 
Director. | re Les 5: Entomologist. 
| DREW J. Parren, B. S., - Chemist. 
Warp Giutner, D. V. M., Des, eriologist. | JosEPH A. JmFFeRY, B.S. A k 
Soil Physicist. 
Harry J. Eusrace, B. 8., : ; Ernst A. Brssry, Ph. D., ‘ Botanist. 
Horticulturist. | VeRNON M. Snorsmitu, B. S., 
J. Frep Baxer, M. F., - Forester. | Farm Crops Experimenter. 
AppisoN M. Brown - -_ Secretary. 


ADVISORY AND ASSISTANT STAFF. 


Cares P. Hatuiaan, B.S., Frank A. Spraae, M.S&., 
"Asst. Horticulturist. Research Asst. in Farm Crops (Plant 
Exam T. Hatiman, D. V. M., Breeding.) i 
Research Asst. in Bacteriology. L. Zan Norrurvp, B. S., : : 
Grorce A. Brows, B. S., Asst. Bacteriologist. 
ech Etc Linpa E. LANDON, - - Librarian. 
st. Animal Husbandman. Cuar.zs 8. Roprnson, M. S., 
Grorce D. Suarer, Ph. D., Research Asst. in Chemistry. 
Research Asst. in Entomology. | Frans H. H. VAN SucuTELEN, Ph. D., 
Cuar.es W. Brown, B. S., Research Asst. in Bacteriology. 


Research Asst. in Bacteriology. | Wm. C. Marti, B.S., 


Lro R. HIMMELBERGER, B. 5&., 
Asst. in Bacteriology. 


Asst. in Chemistry. 


Euaenia J. McDantet, A. B., 
Asst. in Entomology. 


Rourvus P. Hrssarp, Ph. D., : 
Research Asst. in Plant Physiology. SOs Ns Ee eee ee Soil Physics. 
Gro. H. Coons, A. B., A. M., Arao ITano, B.S., 
Research Asst. in Plant Pathology. Research Asst. in Bacteriology. 


Myra V. Bocuse - Bulletin Clerk. 


STANDING COMMITTEE IN CHARGE. 
Hon. Wiuir1amM H. WALLACE By Grate) Sadan esate P= SiC = Saginaw. 


Hon. ALFRED J. DonERTY - = = a - = = - = = Clare. 


STATE WEATHER SERVICE. 
(Under the control of the State Board of Agriculture.) 


OFFICER OF THE SERVICE. 
Director -— - - - ~ - - - C.F. Scanemer, U.S. Weather Service. 
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ACCOUNTS OF 


THE MICHIGAN AGRICULTURAL COLLEGE 


FOR THE YEAR ENDING JUNE 30, 1913. 


SECRETARY’S FINANCIAL REPORT. 


Dr. Cr. 
MRC Cameo sl Oily ASM OMVNAM Gs cis ac feversietc rates lalete oc %e siviescisye, ci o.choiene oie w% $2,475 67 
July 1, 1912. Cash on deposit, College Treasurer................... 14,716 21 
wunersO; 1913: To special'appropriation receipts)... 2.05.00... eee con’ 48 ,479 67 
rom states Ureasurer. cs ticieecesa a. © cus - $11,000 00 
From United States Treasurer.......... 30,000 00 
From institution and other sources...... 7,479 67 
June sO; 1913. By special appropriation disbursements: .............2.0cccccecscvce $58 ,461 22 
Mineo L Olossoicurrent, ACCOUNt TECELDESc ous). eens ene ous ots waters ares ea oo 448 ,329 62 
From State Treasurer, land grant interest $70,289 30 
Irom State Treasurer, one-tenth mill tax. 208 ,800 00 
From U.S. Treasurer, Morrill Fund..... 50,000 00 
Irom institution and other sources...... 115,788 47 
From South Haven Experiment Station. . 199 70 
From U. P. Experiment Station......... 3,252 15 
Byseeneral account disbursements: .2-\c..o «2 ssn seats ssi ee ee ve oes 440 ,988 17 
Mromicurrentaccountan,. sc tree «22 ocr $411,318 14 
From supplementary accounts.......... 29,670 03 
ITC SO LO US ses VACASHUOIM NAME: vor sas oretee tetera oon oroke, eneteh echars etehetedsisie ve elds © avaiaie wales e's 4,988 50 
INGO MLO Saws yGasit OMCEPOSitis.: occkyeeersrectalePe cis pic ercicithe Ge ess ye.c vse s.eeiee) se ersletene eee 9,563 28 
$514,001 17 $514,001 17 
TABLE NO. 1.—Tabular exhibit of Secretary’s report. 
) ! oe 
Balance sheet ; Transactions July 1, 1912 | Balance sheet 
July 1, 1912. to June 30, 1913. June 30, 1913. 
Dr. Cr. | Dr. Cr. | Dr. Cr. 
| 
(COINS. SAG Been anes SEAT OG (a oreo ws sisters jel eketeveleue yale Svens $2512) 83), $4,988/50" Ie eee een 
College Treasurer*...... WAT eLGpz Ns eyeretarateyerele Siig) RY papobonoacec 91500725) erate 
Special appropriations.../.......... | $5,350 37 48 ,479 67 58 ,461 22 2 ES Pa Ro een pers bie 
Wiirrent accounts. cis force sces cece.cs PESAINS I | PAAA R62 70 |) AU ABS) TA tart. cerca 1$19,182 96 
SupplementarysaccOuUntss||\scce. cine a|nceeces ces 3,466 85 QOAGFOMOB i |G enevcsesce ce ol ateneterae eee 
MO talSkraryeyt ats cues $17,191 88 |$17,191 88 |$501,962 22 |$501,962 22 |$19,182 96 |$19,182° 96 


*Treasurer’s statement is greater July 1, 1912, by $9,288.58 and June 30, 1913, by $15,102.62; war- 
rants outstanding. 


Balance on hand July 1, 1912 
Receipts from State Treasurer, and Secretary of College 
Interest on deposits durin 
Warrants paid Jul 
Balance on hand 


1, 191 
une 30, 


TREASURER’S ACCOUNT. 


year 
1913 


CoV CMC IR W SC RCM et CRC ee) Ck CY Cc ta a 


Ce eee ene eeoeresereresr cesses esese reese eseseeeeseececrevececs 


to June 30, 1913 


25 


Cr. 


$493 ,635 35 


24,665 90 


$518,301 25 
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TABLE NO. 3.—William Smith Sayer Scholarship a und. 


; 
Year Income Balance 
Fund. ending | Income. expended | Amount. includin 
June 30. to | | principal. 
| - | 
$500.00 received of F. F. Sayer, 

administrator of the estate of 
William Smith Sayer, to establish 

Scholarship in Bacteriology....... 1910 $32 25 |A. McVittie $19 75 $512 50 

1911 37 50 | thon” ee ae 550 00 

. F. Fisher | 25 00 
1912 | 12 50 |i K. Wright) 33.00 } 512 50 
1913 25 00 |D. Francisco | 25 00 512 50 
| 


$107 25 | | $94 75 
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TABLE NO. 4.—Current account, July 1, 1912, to June 80, 1918. 


] 

! Dr. Cr. 

On account of — To disburse- By 
ments. | receipts. 


U.S Treasurer, 23rd annual payment under act of Congress of August 


EBON i. as Re. cepite hee a mse PPE EY einiere Wtey eed ee ee a Ant eee We gence are $50,000 00 
State ‘Treasurer, one-tenth mill fund < ano.) otros tess ene Seek tee re a ered aasioicie ea ee : 00 
State Treasurer, interest on proceeds of sales of U.S. land grant........ Bolsa eee ne = } 70,289 30 
OS CRUISIN». <.: ats here tars fate die 12) A aoe taaals stem PRONE) oman epee nie en erence a sR Se Leaves $2,822 86 45 
ASricultural GGuCabiOM., v0: ieee wer hola are ne eeneete OG a oe eran arena on ee 1,847 73 6 00 
‘Animal: Husbarttirysass Vo: 4 cewek ae ae ae eeawak Cac oan de oe bees 9,277 39 | 5,770 05 
ATBIGEICS< 2. 5 sea chs oy cele te ee Ee Oe crete tdavhe, ©, Sabet cette Sse tae 2,365 52 | 1,476 44 
TIACLETIOIOPY:.. Garte ces ono oite i ree eet aie tees cat ee a eee 14,019 03 | 14,576 63 
PR SESATI ys hac Mieke on eae ce ee rctarthe Shy ne 2io ae ayer ate a pales te etal ote Perse tatate 2,281 78 | 260 58 
COMETISEE ctor ek cade nies |= aie in oe =, ci peer eaee: Bees iy ca wore 11,128 63 5,397 34 
Civil PTE CYR Nore Mey fepelaas alee a ote Meo ete it emaee Pen enn rl sree octane j 2,693 12 807 60 
lesa 8 is he i wee ears win Lae Feataa wan x tlhe fu oh omens ohet sie welts nal or one 3,191 12 728 94 
CollezesEXtension.. 0005 cies oo erence ce ble me EA ore EB OA ee Te 4,499 66 — 6 27 
Gontinvent’, DUUGinpe wey cece. hore tea eos AIS ols cian re teh tite seem 23,427 71 | 34,338 07 

Diploma fees, $965.00; incidentals, $9,252.50; matriculation, $2,480.00; 

room rent, $11,100.09; tuition, $2,540.00; delinquent, $377.00; sundry, 

$7,623.48. | 

15) ee eR citi TPR We erP yeas a. 9 er pcte RAE O CXR RICE Te aings R tC tt, SiN 1,033 41 272 88 
RIT FAUSD BOOT Yel 6c rcee. he here appa lei wn Stereos ak he Rerested, She ce ae eas 21,643 09 | 19,850 62 
EN Grarise CECE © sc. cet ocx esac habe acoh ta Sein, hel a eae ohh 2 2 ane ces unten ele Bas 1,639 59 15 
PRT CU ORRIN Nae te aiccy coche Ale ON SNR aa “weg he aie os adetinys: 8 do fein fe Meeahat Simone ot 382 68 | 37 60 
LGC ERIC MEAP GLO A. atte whet ap- Noarte een aye nes Wake ips eee as coals now" <crea tote 4,647 08 2,263 75 
BSUS esa he eS carer oe ge eee eee re Src fal ns cents, aay ater ehe Gel age po teers el 457 81 43 00 
FUVILOMOLOL Ts. seals vtoric cds o Nichai hope tela ete persed es emia ol ave tarelays Sua ateistehe apo st oats 1,058 45 28 41 
STH ATIC EXOLSES tre Moke ciaackove tee BAe rede is aCe ci inge bie SFee 5 ncurses 9 ,649 99 7,100 28 
ane AN AP CDNEILG srs 145. ct eee ate aa aie ae ole ele ates, avdentel ckebes 6 745 02 4 55 
Sr WL COL TICS 8 ae eet tS pak etiee o  ee ltt oneee etearaca a pe heiress 21335 32 | 1,082 61 
GT ES UNG roa tnt his A EAN AIe oe Memes oiortuane ue heroietc on: ota ieres arenes 5,197 60 | 910 27 
RTPIe NANO CREA Ore, Pace tie tie Mer eee aks Rs, oN Sete wT et te says etc piece 2,108 71 | 197 05 
Graduate School Agriculture? sis. totic. 2 seer fe dtc auete oie tae ate 4,601 20 | 3,020 00 
Graduate School of Hone Mconomics: 25.5... So io 6 oc 6.4 Site wleigje isis ites 692 74 320 00 
EMELINE oat av epee ete hee alah = WOE ale coa) atic tee atone n REAR coeerv ene encac eer ane 29 ,866 68 569 33 
PERSSON Ys, She ote NI Sree arate eh ate ah ar oe eten ces Sienogensts ers Pein e Oem akepe teres muereaatane 309 07 20 00 
OMe WICONOMICS orecec ite = Sa aioe «ne cto Rane aitcle Deke mera sty hos Loe 4,531 42 | 1,819 90 
ELORDIGHLUBUIT Gs ois iv oale einiusc d¥ele, aUcre arene) sic (ho, cede STRICT SEL Bae wo "a tops. rey aeaNeeS hese, oh 7,413 61 1,067 49 
13 OCU RR PE Tar CE: CeCe Mee eNO Oe chee cing AE MEA Oo DD 502 47 188 68 
DALY ois, euetee oye era cratile oreke. viene eS eit Seve MCE eho 2 ee eine eipaterers 3,691 21 | 24 75 
Wihathemabics:icyitec5.. a, atl toer has Nea ete ae to oat eta ae an abearee ce ni spiee eis enaibr ei 163 45 | 143 00 
Acchan ical hme IMeCeeI es nec om Sebi ogame ye ee oye > 2 aiolate Salons © eines oi icaln 10,547 44 1,735 56 
WELEOLOIOB Yc at. tue cee ee ye a nish ee eee iol rote Mie roe sonts. We 212 49 27 00 
GS AL GR GCONUINS -e cilee oe oa wid ne ante a en eiels Siete Gi deisel Stenae etary aha 1,343 85 526 50 
AVETISCAT-U; 2 yk Merz cine eas etae ee ta cu totie wacle arate ety RS ce ietersl se Pharetoneipiaim tie, Mazes 1,264 26 3 00 
MVTISCRH ACQUIS 255.280 .j<. oye imrahe eae ato hetaas tht oh ere car eee eh Tee Ne eum Ts rae wean rep te 5,316 86 | 4,192 01 
Ofiice! Presid@ny'ss. . cant os cr caters, fale erat ete oye pale von eves aie te ego ahs) bes ies (TRICE TY NEHER So ic 
OHHCEsSEGLETAT YES. oo axe este te aun aan ee Be’ Aoon steve xis Olaaat shew Taateneh- doer ezs 2,237 99 | 763 48 
Physics and Mlectrical#Mngineering 7 ..Ae.0 <a a .-.< cs eo oe > a tleieiniews =i ele 3,397 34 634 61 
PG UILGLY stats a ober estore svicorets re MOM oh oi eu al oe ote ese Si Sek Mer enainaeee tare: oe 2,508 29 456 65 
Registrar... 1,015 26 15 00 
SSIATIOS Soc 5 ioc soi eics 6 190 ,449 22 2,218 66 
SOT Eee ere 1,727 25 2 00 
Special Courses 3,190 39 | 1,595 00 
Telephones......... 1,086 59 | 380 71 
WV GLCTAU AVY: occrateisis aly miay es eyo areal etn ents ; 4,097 96 | 486 90 
GS ONORY «sis chars Nee ater he hee a eee Tae ne eter eval tale PUSIOee ie op oil efete 1,943 97 | 403 70 

Total $411,318 14 | $444 ,862 77 
So pe reel accounts: 

WEVIGENG 5515. choy tena eree teed = Perea ae Were tare cet oat ra orca ve rend eater at nip inial west gales 4,917 42 15 00 
Warmers’ Institutes. os stock ary soc cs th, eres te teiittws tor Siero 88701506 ik anon 
South Haven Experiment Station.............. 2,258 44 199 70 
Upper Peninsula Experiment Station 13,618 61 3,252 15 

Balance beginning of period July Uy WOU seers en feeie cn ieie ote tn clele oirtols alall's wna sistant Weal 11,841 51 
Balarice beginning Of Period JULY; LOLS sc ase cantoctepde mie clabesth cit mets te 19,182! G6 cts. en : 
otal: coos Sone dovkgv athe ad tee Ree a ee en $460,171 13 | $460,171 13 
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TABLE NO. 5.—Ezperiment Station account for fiscal year ending June 30, 1918. 
Disbursements. Dr. 
Total Cr. 
On account of — disburse- By 
ments receipts. 
Adams. Hatch. State. each dept. 
EP CEM Nya emt Olav Perec caeeil craratets ehaiowere’ 2-2) sates wntonsi ce orcha Werotaaieenel wie. tux ltd stash Graretona es $957 91 
MEP CeASULOL TOM HAC eV OAIi] ais ciclo af sity aye lavellicseuthel c oleve’aa sailigterdve-< ammde’s se [lane 5 ato eck wos 30,000 00 
ernitliZ CRN GOS sere ivr erste oF ave licveks race deus tric [ict is «6 3.00 ole ats $20 00 $20 00 5,720 00 
Bacteriological Dept......... $1,513 60 $879 53 229 26 2,622 39 3 14 
BOranical DIODE te. c ccc. oe 898 67 516 82 126 15 1,541 64 77 59 
Ghemicalh Dept. jg. s. oe nee 907 89 976 89 1,921 73 3,806 51 73 74 
PPPIEOCUOM AL OLUCE mi chet) fomvalel|icts o's’ cncleenansce | 379 60 704 62 1,084 22 44 84 
Entomological Dept......... 126 80 180 89 92 12 399 81 75 
Loa cl GT yoy 03: jel DX-) 0 Nee ene eee 46 85 | 1,734 59 99 54 1,880 98 162 14 
PVOTMEWUIEUTAOeDUse see ce leieais < ceccus ear 825 44 | 55 49 SS0"9S eee 
[WIERE TN Sci SPo 6 Sin he CIOROLOe Oo Ue etl POE arrears 951 69 4 00 955) GOS Ase 2) caters 
S42) Erg CESS 5 Re eee ae 10,869 06 8 554 55 3,338 45 22,762 06 10 
LOMENGD), STROM? Kies oeeae ty eities| erie eCPM Oe fr ae 10 98 10) 98) ee ares 
BOUSPHYSIGISt. c t).c lc ee [oF at IS es Ieee ener | 153 63 790 76 50 
ES ARTCC MIT ess eho lio wwe etl aie days ae secre oo: she ayale-aiele)she;|\arazs,Ae' ons Seuss = DS4s TAB OSs entree cee 
Totaly eee. ee | $15,000 00 | $15,000 00 | $6,755 97 | $37,040 71 | $37 ,040 71 
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TABLE NO. 6.—Positions and salaries as shown by pay roll dated June 30, 1913. 


Classification. 
Rate 
Grade. per year. a : Other sources. 
xperimen 
Current. station: 
| 
Administration and Miscellaneous 
President’s Office: 
PPTESIGENE. 5 cisco sree tate Sixx ke whee he $5,000 00 S5 OOO TOO alae aac fe aserouetells Sree as See House. 
Editor M. A. C. Record........| 1,200 00 1-200) OO isn. ois oe crc Gl] Seek eke ye eee ee 
ROTC ace ara c a narmaaarentemcd eee 650 00 GEOMOO Wen. = shee Steccte: sill e eee ete ee eet ee 
Secretary's Office: | | 
PIGETOUALY sia c ties wistes 312 .b)s pi es 3,000 00 | 1,300 00 | $700 00 |$1,000 00 House. 
COBNMIGT A oe ce eee ths cme de el eteee 1,500 00 1,300 00 | 20000 Ils Sra o kre ae 
BOUMIKCEMET As cis cet ts Lites 800 00 700 00 | 100) 002|0. 24a oe See 
Ghieti@lerke wn wee 25k se Sante us 1,000 00 875 00. 1265000). ie. & ca ee 
Purchasing Arent ie... .5 = «fost 1,500 00 L500) OO alo 5 icra se tecove-otetl e crats (orca aie 
PLONORTAPNCL.o cieatae tie << oe whe 600 00 GOO FOO Wie. we oe lenis fils, aepiegs Sass are 
CIET .= sors oe Sette a. bicranens 650 00 | GEOMOO? We Ss Seca ia te orate «as pe eee ee 
Bee Strat Office: | | } 
ERISUEAE oo oachatete orcie ie cnven eins oe 1,200 00 1200+ 00 =) iece.d as ere Sees ates ee 
Institute and Nursery Inspector: 
Superintendent. oc .c)-s aes acs 2,300 00 2 S00" OO ore wee was eins tie ae House. 
| | 
Library: | ale 
THIBTATIAN Coe erg ees co ote ows wees 1,000 00 880 00 | PEO" OO tere oe eee Rooms. 
ASSL. MADTATIAN Goss ol teu ees 600 00 600) 00) 5 sci Stes Pes ROLES he See 
Miscellaneous: | 
IBIPTMICED So acc mre erie iS oye Vays 8 ers 1,200 00 Ik, 200200 morte sees Stee eo a oe Cee 
IRMMDERS <5 Heke ear eee = ome 900 00 QOOR00) |e crass ste var cial oe ei nate ena ore ee 
Night Watchman .o..0 2.0... 600 00 GOOROO |p 2 -re o teer He Seaiarie = gil eee 
PSU UEEBG is rerayaie tet topo a tele Feveto tes 500 00 500 00 | Std ONS oe OL Hic ae chals nas} nate ote 
Treader Oh Band sce fe eiein ete ore 250 00 ZOOMOO | S57 veo 3 anes hess oa Sie, ee 
Instructor Meteorology......... 300 00 SOQO0’ irae or eeeae lr ter cl ta tee 
Instructor, Chorus............. 240 00 2401008 So asc ee ee eee 
Stenoerapher..6 0.2 sete ee 550 00 550500) | S50 Soe sane sloee ecto ee eee 
PLCNOLTADNER. : 0.0. os cke sy fe Hee 550 00 DDOSOOM em cna oaeee lo. ose ao eee 
Stenoprapner.in sas 8. ese cass 480 00 | 480/00)". 303s Sos ont |e Soe s Foe eee 
SLenosTapne4rsti en sos ee ee 480 00 | 480 OO ae ian Seka leis s Gg tice aie CCR 
Stenopraphers. 2 cctv ee 480 00. 430; 00. | oss. ol se | Ree ee 
PLENOPTADNET sis taid cue act syeiens 480 00 | 240 00 240" 00. (G5 alec oe ee 
BtEnoprapher..s. + ccioue = sa 480 00 240 00 240600) secu. See sat oe 
Division of Home Economics 
1D [Sie ea eee eek fa Nera SPs | 1,700 00 FOO POO! St oh etc anes ae ona ae oe Rooms. 
Dept. Domestic Art: 
HPIREGUCLOL sie oro he sce iiae ete 1,000 00. E000 OOU ek. sisters etal ot lee aes Rooms. 
THBILUCTOR. cis cic tiles ne ee 800 00 S00 OO! ictvhsiers OA oe eee oitaea iets Rooms. 
Dept. Domestic Science: 
EYOLESSON ., ac.cfbee < sacwvels dha. tapes tes 1,500 00 S00! OO Vroces saa e Eee Mestre es Rooms. 
WMISLM CLOT oo) iyi) tre ove hate als See 700 00 COOLOOH iC ae nu cre ce allins hoe Sete Rooms 
instructor Music...) 0-2 sek. | 1,100 00 LOOK OO Core ak Soar eee Renee Mr ica ts tome e 
Asst. Instructor Music......... 600 00 BOOPOOs| Bek oer oss one \egeeeacerenriests Rooms. 
Instructor Physical Culture..... 650 00 GHOTOO! |e cieearnare shee 1 era Sate Rooms. 
louse Director... 62...% es cele 600 00 BOOJOOs Rene ae. pene ee re tee Rooms. 
Division of Engineering | 
ORT eam cigs ols Sete e tiuses enema 3,000 00 BZO0O0 MOO! ice ca sce eines EARS Sea House 
GIORIE Y 1 ysis larg iavotcteics Bee a ae 600 00 | COONOO) | hada iin os cl ae le fe aioe oe eee 
Dept. of Civil Engineering: | 
PTOLESSOI cio hao he cera arene 2,500 00 AROUO OOM Sa, stele meee lace erence ha House. 
AGES eT OlGSSOF <a ots. 2 aise aie 1,600 00 L660! OOn [ie eee eR tos eee eee 
MEBGD, SE TOLESSOL go> 6%, (15 30-2 s niet ee 1,500 00 1 BOO OO i ni3 Aas alee Teieowinte artis (oot ce Renee 
MTISIAICLOLeinieieie sche <a a coeeniave Wee 1,300 00 Pe SOOK OOM Le ok enters Le gdteeatente erat feist er ea 
WHBELUICLOS at soins al 1,000 00 LOO DOS. neces & e [gs are atin cats eedie ereoea 
MSIE TLOUOT a ts fore ots (are rete oie nist tod = 850 00 p= 17 U0 eres) Ferret yd reat renee Cee Ci 
MMIDEDIICRON wie, cfecte aicie 450 Rirresare soon 1,000 00 LOGO HOO lo sick cae ele eee eee ee 
i TU] i Tc) 9) gear eae meee Oy Rea een p 800 00 SOO" OO oS cia See BE Mile weet a is ate eee 
\ | 
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TABLE NO. 6.—Continued. 


Classification. 
Rate 


Grade. per year. | -- == Other sources. 


| . 
Experiment 


| ‘ > 
Current. station. 


Dept. of Drawing and Design: 
BEOLCSSOL A aicta cis chore neil. otahabale.'« joule $2,300 00 $2,300 00 


PASSGe IETOLCHSSOL « ciecisncscls ai stele: s elias | 1,500 00 1 S500R0C" |b ci oes 
PISERTUCUO Iya cree ene. clene chen onthe ehernss 850 00 SHOV00; ||t ccreaclase aie eicoe 
NDISUNETCUOIevarerets muetvieomel sicus. s, cho | 750 00 BOO OO se oi ares osek et oct | ace each eaten aa eee ee 
MSETITC LOM mysterere aisle or pels caskets cs. 750 00 TBO BOOM ers cscrsierovh ane Dodo enc Sete eaten 
MIS UTULCLON ear eloeroieein es ake ciene 750 00°) WOOLO0) It. on. 
= | | 
Dept. of Mechanical Engineering: | 
SST Ee OLESSOL.= eters crsuchayscaens asco = 1,900 00 TAQOOMOOS eicte-ntete Aine aiete a 
PASSE TOLESSOL Co crciriarie fis nce oneie 1,600 00 Tr GOOROO De ae sae oe 
MNS URUICTOL Rie nism lene ciciers e oreks 700 00 AOOMOOs |Pecaskt cc. tea rere Eee See oes eS 
MAISETUCTORS cters shave heute ce oacne 720 00 A2OROOG EE aaece aye os, Oa 4 koe oo eRe 
ITERATE eee OR ORO aera peaeee 1,100 00 1 TOOKOOR rs oe ie lanacien seer ene reee 
MPISEVUCTOU eee, cian eno ans Gir 1,200 00 PA 2OOs OO ht ne Boe th eae ee eee 
AMIS PMC TOR ce eerie adele cs etegel it 900 00 SOOROOR Re ciate ate to lis-a'': cin shah eee Cen oes 
Foreman Wood Shop.......... 900 00 SOO NOOT Scatter ceels Nekeal a aera eae 
Horeman: Foundry... &.....<...6.- | 900 00 GOO? 00; | fe ele aon. haere 
Foreman Forge Shop........... | 900 00 DOOZOOR | SoA rk. ae lee «ee he Seale 
SHOPPE NEINGEH laisse ace wie ce | 780 00 FEO OO le aes oe ee clades aes, eee emer 
Dept. of Physics and Elec. Eng. 
PT OLCSSOD Ato e peices ee eee 2,300 00 PRSOOMOON tire eine ear. ao 
INSSTIPTOLCSSOL o.oo ie eee / 1,500 00 LP HOOUOO sere xcruseunceisl cs fe soaps eee 
INSSEAPPTOLESSOL eta ciot-ne see csisitee | 1,400 00 MeA00ROO tae eee 
ISETUCTO Ler katt ter srckrtaitane ie eieneveas 1,100 00 TSTOO OOF Ae ofaiecs moss eae ee cloner Acadeskcn as 
MISETUC COM a ata ome = ace le ote | 1,100 00 TAT OOHOO eee: hose Gea use Skmerae 
NTISELUCTOL S arek oo cee ob sree. Sc 950 00 SHOROO Nee a eS, eee eas © cls et ee ee 


Division of Science and Letters | 
Dept. of Bacteriology: | 


Acting Professor............-.. | 2,300 00; 1,600 00 | 7 00RO0 MoE. tet oe ee 
Asst; Bacteriologist. s....:..-.- 1,200 00 600 00 | GOOF 00M) Se. 52. Sate ee 
Asst. Bacteriologist. =... .....-..- | 1,500 00 250 00 125000 IE nde, = So etaeeeee 
TIS ULU CUO) cterntate ie oes freee avcis - 800 00 SOOM OOM Brie haere ets | hee a2, tc eee ee ae 
Asst. in Bacteriology.......... | 1,100 00 400 00 TOOLO0: “We brse hie eed lo ee 
Asst. in Bacteriology........... | 1,300 00 TE SOOROO | a 5 cece ey alae eR Ge star ES kee 
Research Asst. in Bacteriology. . 1,500 00 | 1,200 00 | 300) OORT a5 foe eee 
Research Asst. in Bacteriology . . SOO). OO: heii Nevers Slo e-= GO00KOO hase odie de eee 
Research Asst. in Bacteriology. . DOOROOR ertwerrsceteerc- | 50000.) 5c nee voce 
Dept. of Botany: 
IETOLCSSON stearate syele Cetele see ate | 2,000 00 | 1,800 00 20000 taatty ert House. 
NGS? SETOLESSOT ets seve etter sons 1,500 00 | 15 OO ROOF React: et) |e ere ae ee 
INTC ORES jo egnocatouh pas be 950 00 | S5ORO0 4 Sac Stace soul, ee coe 
ETISETU CTO ie cce evckensin ater er mass 900 00 SOOMOO Gta Se eee se =: coon Rect peas eee ce eee 
SEEM CLOR Ac montero mae AG eee 900 00 | GOOLOO ES. <8 Ge ath apmartet ee 
SEDC TOR sy ape ccstsvenes cstoee thee ores 720 00 DO ZOOM 2a, Kee 25 eee ne = poe eee 
ASST nes OUATIV hector cia 2 < 1,350 00 | 450 00 | 9003008. eee 
ASSte ll BOLAMVey aetie sle eae leet: 1,350 00 450 00 900K00) le er ase 
Dept. of Chemistry: 
IPTOLESSOL ne niece Sour bile oes 3,000 00 | SAOOOMOOM > sar cree Bec as ee oe 
PASE LAP LOLESSOL sem cc cane ores 1,600 00 | 1 GOOMO0 eee essed Baie eee te ee 
ASS Eee ETOLESSOL shen th iteeee ne cre ahs © | 1,450 00 1 A 5 OR OO A Brot sence | Sac ea eet Ree 
MSU CTORevacsaes. io ein th ee a oes 950 00 | 95000) |.2.22- py 
MMISERU CLO a ier, arc) esontoters Sasa tas 850 00 S5OLOO WE seers ie Pas! PL. ys eke 
NGISERUCEOLE 2 6 Meters okie Site auces sas) oe | 850 00 S5OCOO aes w oaks cle iS, Sep et 
PMS ERUCEOU sy syercie ietents ace steel ac 850 00 S5OROOME Goce areeoer PE erie ces OOF 
TMISTMUIGLOT ae ells cult a lsvakeys se Ste « 950 00 QS50R OOM Recess etna axe lheacc baits aeerairs 
Dept. of English: 
MOLESSOL Cae upc sia seis a Mae 2,000 00 2-000) 00) in. 25 <a teen ; House. 
ANSE ETOLCSSOLE ofereaisias ie aor : 1,500 00 1 500K OOK tinea sees a Se ; 
BES PRULCLOL Se cei cneo se cies us| 850 00 S50ROOH ee ac. ce sete 
MISHTUNC HOR aa nese )a's a ese Sh. 2h 1,000 00 OOO LOOMRs so see 2 etna 
THOVSTTETC) HO ees eC EROS ee CER ROIS 1,100 00 TOONOORE. ree 
NS LTTCLOL acres spears steele: Sec: 850 00 850)008|% = asa oe 
MISE CLOT ow taraeie cis eit ee Se Gee 1,050 00 AR OBOMOO Wer. 5 cytes. 20-62 en Ie 
MASERU CLOLE hy ere ato eavncere 1,000 00 1 OOOROORRa en S| Pe one erate las 
PRSERNCTOUS Stross or moet So tees | 1,000 00 TAOOOROOMIN 2-2. RACISM rt ors! 
TISUTATC LOL has ete een claiehe een 1,020 00 1 OZO VOOR E ciotaree os act enema ret nis. 
MAS ERMCLOM cricket aes one cued coke 950 00 S5OROUPE Ae ne hasees ee el ay ean ae 
NTS HEEL CHO TENE eerie nts ents siete eleteess 750 00 TOOL OOMNE si. Sane 2s 
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TABLE NO. 6.—Continued. 
| | 
| Classification. 
Grade. Bao i Other sources. 
| Experiment 
Current. | “station. 
A | | —— Ss 
| | 
Dept. of Entomology: 
PTOLCRSOL 4 nino Gone Meee ae $2,000 00 $1,200 00 S800) OO) Versa tench House 
INSECTS: sebaio vices nm eee ae 900 00 550 00 B00) O06. ce Oe vee ue Oe eee 
Research Asst. in Entomology... 2,000 00 500 00 1,500 00: | pees. oS ee eee 
| | 
Dept. of History: 
IPTOLEBBOD 215 gas) wero anaezeie Sts seers 2 300 00.) 7" 25300:.00 1} e . Witcw swe stent bones aco stay Pelere 
Ast: Professor oOo vt, cteace 5 Sia.ess 1,800 00 tl SOO OO Aen. sre remtare ers ESOC: re at Se 
EVBETUCCOR . cias clot rete hee he ote 850 00 SbOVOO [ies Siew eaeter [code sae bo, cone ees 
PNBEVUCEOTA6, Seve siciete ns bere sree 1,000 00 1 EG0G00' |). @oneaeeees | sista Ott aoe 
| 
Dept. of Military Science: 1 
MELLO AN Gear elard ieee arom iss 700 00 100800: | evcsca Seer \clG a sche ares = ener 
Dept. of Mathematics: 
BRISERUIGLON «(oh ctniareys ekcia wie sie Sye eek 900 00 S00" 00 "|i. os RA Bhs oil woshos ao el oie hota ae 
INSET CEOD Nojans: so ors o Sania aves | 1,100 00 LOO ODE Sa erk ace ccovectl | torcte ee orci ae 
RABETUGLOR S cotecrcl oeton tne eels yore 1,100 00 PeFVOO 100 io. .oc.3,d:scecere ers eo ee ee ee eee 
PNBtKUCEOE: o:c%jacitec tc Ase ee ee } 1,400 00 TCO: OO Wl cite ee Ca haw Cheer lero hares ee 
ADGEKUCCOT tesco ct tenceeiviem ete rerwisrs 1,000 00 TS OOO Oi Sc ahs ceocse testes [tenon oe ceece se oe ee ee 
HIS EFUCEOEA iu savte ohyclers fete e coeveias } 1,000 00 10002004) canis. Seek le ee aoe eee 
DRSELUCLOL aeiarctrente ahinion. on at 1,080 00 1 {080700 4c. 5 cites s els ete ce here ae eee 
MBURUIGTOR A Sieroieps eo eta Rokk oie a sree 800 00 800 00 Jace eee s cece cles ewe cece cee e eens 
EHISEMUCLOL xe Srocte.stie a steie Secs Ae } 875 00 BOO! ho ois a5 tone eee s:| te, -) Dene 
Dept. of Physical Culture: 
DIT SCEOT Were oie ralete tere) 0 ease Again 2,300 00 D2 BOOFOOsi ivap0.c, sisie aed blo Greco eee ee 
Dept. of Zoology: | 
IPTOLCRSOL oacieieis ictisererie Sib ease Bie | 2,000 00 ZCOOLOO! | siciete.dto cctools cneetce eieiete House. 
ARH SE TOLCSSOD cts aitya ctok cue ciate aha’ 1,600 00 LT GOO KOO Wick 02 aver eetnncaci oseeetele ee re See 
UISEENIGLOM citessicleiswiet ois eit eee tie | 1,100 00 Ts EGO OOF Bees ryote cusnall oh cterate s coeens nee eee 
MIB ETUMC COT erste apesere Ae ccoie Ota hie nee 1,000 00 1 OOO'.00 oid cncic ove. Ss eee LO eee 
MTS UTU GOL: Pere iareteic’« ou catetate seks ts 1,000 00 1 O00 100!) ..:0 lat San es ooo be ee eee 
URBETOCEOR So orsjon. Mid wits eres oe 800 00 SOONOO os ead losis sleet hehe eee ee 
Division of Veterinary Science 
Professor: ios. ke ee eee 3,000 00 SSQOOHOO | cierearcivics cnoteee eso oe ee ee 
‘Asst: Professor. 4j8.% cesses ss << 1s 1,800 00 19800) 00" [is Noe ORS Pe no ae de eee es 
ASSE= PTOLCSSOM s: <i. eter sichote ote etre tars 1,600 00 TGOONOO Wits oc carccctetae ere = ey son a ace ee eee 
MNBETUCTOR > << ceccte eee meee ore 1,200 00 TA QOOKOOs | ai tcreetectoese halls ertonsce, todas ele en 
Division of Agriculture 

ATT perc ilar ictenca tion cles aie a Bunge ate 3,000 00 2,000 00 1000008 |is....setee ee House. 
CUCTICR 2 Ciera caldaateta vrslancizulston ane 1,200 00 700 00 500 (00's | 2 ee ee ee 

pent: of Animal Husbandry: 

TBLTUGCTOR cae cisterns ois ws @ cia s 1,500 00 1,300 00 200.0025 en oe eee 
MTIBEEUCCOR SE siaiaya crerstotearsvcts orecoi tele 900 00 OOGOLOO: kai cen ote [ovays Sas eae Scene 

ae of Dairy Husbandry: 

rofessor 2,300 00 | 2,000 00 300! 00° |.’ -45 See eee 
Instructor.... 1,100 00 1,100 00 
Clerk 550 00 550 00 
Instructor 900 00 900 00 

Dept. of Poultry: 
NAUTUCLOM sis Hoes Pose wedans 1,200 00 DSBOO (OO), bake hare sets. pono tedvccraie enone eee 
Dept. of Farm Crops: | 
EYOLCSSOL 2). feos Sieh Necclalh tig Os erect 2,300 00 2,000 00 S00) O06 spe ee wie eee ee 
MOGRTUCLOR sc. Garo a mascara leo ede 1,200 00 TP 2OON OO? | sie» & ccaccs eo ore, aha 3 ea es 
Asst. to Farm Crop Exper’r..... 1,500 00 Jot eeeeeeeeee 1.50000)... owt. tere een 
Dept. of Soils: | 
EVOL ORAO Dy acais «is acts. olans 0: ave vie nth 2,300 00 | 2,100 00 200008 boo eo ew tee ae 
RI URUNCLON sj oie oieie tes ance ib ecesus ie 1,350 00 | 2D SB0 100 i Wears souc ee «lees tee ae eens 
Research Asst. in Soil Physics... O00 (O00! s).Saeran wagers Te SEOV00! | eattn ise otek ereion 
Dept. of Farm Mechanics: 

MIBGEUIGLOE tes aret crevitew ee iwainsejemay 1,500 00 TL SBOO ROO oe rativers, orn Freres | heshchetste a tect ce eee 
TIDE RUCLO orators uta loist oi cteyfibea siate are 850 00 SDOLOO |e Pek sec aes [Ate vetivla ite. 0, shee acted 
MRIACLUCLON sr. ares saints aiuiaknes 900 00 | WOO 008 | 2 2 becca toe fig Siig 458 pe een 

| | | 
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TABLE NO. 6.—Concluded. 


Grade. 


Rate 


per year. 


Classification. 


Experiment | 


Other sources. 


Current. station. 
Dept. of College Extension: 
Field Agent Live Stock.........| $1,700 00 ST SOD OO Altrec sve resvao: | Bice oustetevay sete ot CFSE ele 
Field Agent Farm Crops........ 950 OO L151 UGC 0 ee eae a ee eee ee ee 
Field Agent Horticulture....... 1,650 00 DIGHOAOOMIE cerca ot orc otek cle se oc cho eee te 
Field Agent Forestry........... 1,500 00 TR 5OOTOOR IEEE Stone pclae oe eee 
Dept. of Farm and Horses: 
oreman College Farm......... 1,000 00 OOO OOM Rete cmt mws os nero trees 
Dept. of Agricultural Education: 
HATOLESSO Te tts oye etitereMioveat crate cress 2,800 00 DeSOOLOO! ast cvecaisns ate Sicha ete acekalceses ot ae 
PIR UEIICLOL Rete ros Mote sclafenasa eae 1,400 00 A OOMOO! eer sc, oe ello eee ele 
Dept. of Forestry: 
AT OLCSSOD ete 5 we hae eaiort ses ers | 2,300 00 2,100 00 $200 00 
ASHE METOLESSOL:(; «6.2 5 @ths tee ew 2 1,700 00 TeLOOKOO) [Ee acc ce oe slat 
WERE CU OT taucrs habe tel stvsiete eons anaes | 1,500 00 TeHOOBOOMIE Satis cee e rr aileein ene e 
Dept. of Horticulture: | 
ROLCSSOL HORI errr ee he eibees 2,500 00 2,300 00 200 00 |... House. 
ARS t ee ET OLCSSOR = ne oles cue cle ote /siate. om 1,800 00 1,600 00 ZOO SOOT Kross ee tone Rt ee 
HSS URUCO) So pace Sie Hee Bae eee 1,200 00 Pe ZOO ROOM ace cn ose oe House. 
TSE CLOL Mr Mae ne Oe | 1,200 00 MOO ROO) occidpese-setveecrcrar| eho Dene ele Sa sees 
Foreman of Grounds...........| 700 00 HOOSO0O |e tiere SSe is ae House. 
Chem. Div. Exp. Station: 
Cheniist..0 1, oo. eas TO ea eres ZS OO OOM |= seatgstels ies o> « 2 SOO0OO settee. oo cere 
Research Asst. in Chemistry... .| TAH OOMOO se |" s wrerste ck ushers ¢ Te SFOOL OOM tee teal iy ote eee ee 
ASST AaITY OHEMISELY. 202 ce ate os le 2OOROO Rarer et hos i: TS 2OOKOO! Eten oe ee 
MMe ema Cleves arti. tela. diets sce GOOZ OOF ese. Gene - GOOTOO eer eee 
Director Farm Management...... | 800 00 SOOROO A acc. ees. A. ee, Se ean 
| 
SW Oval i aaee. cate ere, tia cere aoe > $216,885 00 |$193,010 00 $22 ,875 00 ie s000.. 00) . te 
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TABLE NO. 7.—Income of the Michigan Agricultural College from all outside sources 
from the date of its foundation to the present time. 


From State Legislature. 


Year. | __ | Land sales, 
For current | For special | salt spring 
expenses. purposes. | and swamp 
land grants.} 
| 
ES Daas | searcher fe Oe oe AAS tenn etetole $56 ,320 00 


(SSG salen ose |: 32617 OOlsa: cee se 
NSS fea casey eee *44 040 00) 198 20 
ASSS ebdcawcee ee | 30,752 50 144 20 
DSSOualk neice *20 see 00 10 50 
TEGO REE soe neoce — 172 00 238 50 
TESTOR Dap geen ee | 947 50 37 38 
TROD Mas oot ree 39’ 947 50 137 38 
TESTS ee Nea ks cy 18 ,862 50 10 50 
TROLS | tea es 18,862 50) 433 59 
ABO rl hice oases eee oes $19,000 00) 10 50 
ARO Go ole pee cents +16 OOONO0 nas 2s eee 
Tike (ey deal Ne ei eae: Tae S17 3700) OOl nt cae oe 
TRIOS: aed eee lity 500: O0lee se ee oe 
SOOM sito ca ee ae 98,750 00 705 00} 
PHO ole cotter 972,500 00 175 00 
lik g peer ee MO OD creat aes 
1902..| 100,000 00} **1,000 OO|........... 
1903..| 100,000 00] **1'000 OO|........... 
1904..) 100,000 00 **1L,000 00 61 19 
1905..| 100,000 00) *81,000 OO]........... 
1906..| 157,810.00} *15,000°00]:........... 
1907..| 173,410 00] **1,000 OO}...........| 
1908.2), 173,410 00) **2 000° 00) 2248 ann: 
1909..| 173,410 00} **1,000 O0]........... 
1910..| 173,410 00} **1,000 OO}...........] 
1911..| 173,410 00] **1,000 OO]........... 
1912..| 228,800 00} **1,000 OO|........... 
1913..| 228,800 00} **1,000 OO]........... 
2,244,543 60 $829,937 


rat 74/3101 ,723 er 


} 


+October 1, 


*Including ‘appropriation for weather service. 
1886, to June 30, 1887, nine months. 


From U. 8. Congress. 


Morrill act 

of 1862, in- 

terest from 

land grant 
and trespass. 


BORAGIRO4 KR terete t.cth cae eaetee 
FOU Bub ST [Coes cee [ene a =o eee 
32,406 60} $15,000 O0]........... 
31322)69|) ols -000n00loe nee 
32,360 64! 15,000 00 $15,000 00) 
34,750 54) 15,000 00° 16,000 00 
34,948 12) 15,000 00° 17,000 00 
37,927 04) 15,000 00° 18,000 00 
44,527 26! 15.000 00° 19,000 00 
45,301 85) 15,000 00° 20,000 00 
43 886 40. 15,000 00) 21,000 00 
43,779 54| 15,000 00° 22,000 00 
47,508 28) 15,000 00) 23,000 00 
52,526 11) 15,000 00) 24,000 00 
72,298 38) 15,000 00; 25,000 00 
63,976 79) 15.000 00, 25,000 00 
64,081 81) 15,000 00; 25,000 00 
65,573 90) 15,000 00 25,000 00 
67 ,312 37! 15,000 00) 25,000 00 
72,035 32} 15,000 00) 25,000 00 
70,286 56| 15,000 00) 25,000 00 
70,155 22) 23,691 60) 25,000 00 
70,385 79} 23,326 10) 30,000 00 
69,527 13} 26,000 OO} 35,000 00 
71,109 49} 28,000 00. 40,000 00 
70,304 15} 30,000 Gol 45,000 00 
70/265 32) 30/000 00) 50/000 00 
70,289 30] 30,000 an) 50,000 00 
$1,771,725 27/8476 ,017 70/8645 ,000 


Hatch act 
of 1887, and 
Adams act 
of 1906, 
experiment 
station. 


tincluding $5,000 for institutes and $1,000 for weather service. 
“Including $5,500 for institutes and $1,000 for weather service. 
|| Including $5,500 for institutes and $1,000 for weather service. 


§Including $ 


TTTo June 30. **Weather service. 


2,750 for institutes and $! 500 for w eather service. 


Morrill act Total. 
f 1890, 
supple- 
mentary 
endowment. 
(Masts $56 ,320 00 


00/$6,068,947 


39, 060 
63 ,319 
48 /080 
65 ,060 
53,078 
68 ,849 


78 ,303 
67 ,306 
89,771 
88 ,735 
90 ,033 
89 ,800 
97 ,823 
99 ,312 
95 , 886 
98 ,479 & 
103 ,008 
100 ,981 


184,973 
176,476 
205/081 
206 1573 
208 ,373 


380/089 
97 
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SUMMARY OF INVENTORY, JUNE 30, 


College farm and park, 671 acres 
Athletic field and drive,13 acres 
Buildings— 
Library and museum, built 1881 
Colleromiall DUT SHG) cravers ciatciaicre’crsievarctelete a, lepusia erald 
Mel Sih allveme DUG 905-060 i.e ..c.5 6 cece wpeye.cle crs oie vies ane 
Vasyl Ut. Wu SG9). 2... /cpeyele w ta ereid <foesictere ouare 
Abbot hall, built 1888, addition in 1896 ............ 
Chemical laboratory, built 1871, south end addition 
iselwmerstwendsadditione UONt 5. 2s ects. avid ome «ane 
Machine shops and foundry, 1885, south end addition 
USS MPEMEC RIS NST ee sae Stays Lorie Stays, in SccuetleOre) s: cites sim avgate feeraltprhtins 
Weterinary laboratory, built U88b. .. 66... ca. cre ee we 
Frorticulturalelaboratory, Dullt 1888.2... cc... a 
Entomological laboratory, built 1889, imp. 1897..... 
Botanical laboratory, built 1892, imp. 1909.......... 
PRUGTIT OSV A pu UIMU Gras elm ee iekonei eile Jotene a0: o @ediets thelle cle Atels bsiete 
Greenhouse and stable, built 1878, 1879, rebuilt 1892 
UIC MLD O Zi eaerert staretetoieea ic ie eter ek arere¥ei eis is gis sieie lo'eie eretetenee 
Boiler house and chimney, built 1893-4 ............ 
President’s and two frame dwellings, built 1874... 
Six brick dwellings, built 1857, 1879 and 1884....... 
Onewmiranrverhouse., DUiltUS85; ss sc. eo. rc ee 
Howard Terrace dwelling, built 1888 .............. 
Hanmeshousendwelline:  bulltediSG9)n <<. oc. cs ces ee ee 
Herdsman;:s) dwelling, “built. W867 22... 656. eee ae 
Dix@DALMs wate PLOLESSOLS: WMOUSES: v.fracteicls cies ee a eee) t= 
Horticultural barn and shed, built 1868, 1875 and 
EB Ci(eaumerscctntatetetar ec cuntas shor one terete toa ee elskevenet here's, sherenis Slee gibte 
BU Dalnee RED Ui tO O bike crave clers, cries ciovessitersie! siete ose les 
Sheep barn, rebuilt 1906 
EVOLS CMD ATM pa Uilitee AO.) Ghe seretoe Pelarcieie sictstels ctstetevc s 566 5.5 
Grader herdm@barns rebuilt, U9O05e fae ae ccs. + cee aes 
ISP envaere hue O Oa scunsresnleye ere tuss aoe eee cee ne 
Waive DALneeece DUNG lOO OR cciis ce etersieic. Aces ke eee 
Farm mechanics building, built 1881 
OW ys HOUSE re DUM tel O OG eset aoe si sets ore cde ects vm os 
Incubator house, built 1906 
EOultGys sHOUSesE DUM lOO ie acerca cine. seas cst Qiao eae 
Three poultry houses, built 1907 
Ten brooder houses, built 1908 
Corn BD ATMs DU Ube Si Sies css norte chcise. ovei cis 64 x ohclsvel eros eta 
SLOck judsine ws barnh built WeO4 es. sess ee ae eee 
Brick work shop, built 1857 
OHsernvatoryepe DU ted SS OF ex reteset vos stecevgiee 6. © w-avetete je s.s's 
Bath house and fittings, built 1902-3 
Paint shop, rebuilt 1903 
HVOSPICAl Se UME ee SOAS oot ch ce sem cee aa yee 
Waiting room and book store, built 1902 .......... 
Lumber shed, mechanical department 
MILT CORES IO Smite varectereccieecsis oie1e bi sie eve, 2 eis « Siem the aly caels 
COOAMSTC OUTST SIO ir. cous a o01ane ci otaevete «ase ea harmless 
Women’s building, built 1900 
DAVAO UT CUMS ee UTM OOO! sacks ete c c.cpe scons csuerale cles 
Bacteriological building, built 1902 
Power house, built 1904 


Cpejetel eee 06 8 ejel.s/e) were 0 « chaje es 


O07 0/0 e%e)\eljs{je)\e (ee) 0706 |e «0.00 0 0 .¢ 


ailela:e) a) efe. serail, 's\6 of, (ee) ee 


1912. 


$22,000 
12,000 
55,000 
30,000 
15,000 


35,000 


15,000 
5,000 
7,000 
7,500 

20,000 
6,000 


6,000 
3,000 
12,000 


18,000 0 
3,500 ¢ 


13,000 
2,000 
400 
1,050 


1,200 
1,500 
2,500 
5,000 
4,000 
1,500 
4,000 
1,500 
1,000 


500 0 


1,500 
300 


15,000 
27,000 


25,000 ( 


bo 
or 


$67,100 00 
1,300 00 


Amount carried forward 


$495,950 


$68,400 00 


2% STATE BOARD OF AGRICULTURE. 
Amount ‘brought: forward |... 2. ee eee eee $495,950 
Buildings—Continued. 
©oal: ‘shed, "Dudit: T90RN oes cm sss cis os vo cee om ivete 6,500 
Tunnel ‘system: Dullt 2904 4. oS seca ee ee 45,000 
Cold. storage; Srebnilt 190b= [3c once ee ee ee 2,000 
Engineering building, built 1906-07, including heat- 
ing” oh Hehe iets wrote me Memes te REE ees 110,000 
Iron bridge over Cedar river, built 1888............ 1,500 
Bridge: to). athletic Heldii.< sory. vase aoe eee 500 
Manure «shed na ct Reh eee ee eee. eee 600 
Four -hospitalcottages;; pullt i909" 5 acs. % Ae 6,000 
Apricultural  buildingso built 1909. dats). oeere tere ate 182,000 
Lumber sshed.s Duault eeu Foe te see. watseare sits a ae, aes 650 
TITS) BILOM Pas cctere ce 2° esr ece- are Cat helo aR RO a ae 500 
Piggery: for serum productlon. = oo... bow oe 1,000 
Division of Agriculture— 
Department of Agricultural Education ............... 
Department of Animal Husbandry— 
OMCO VIPAT ye sae. kihnve crs ett kOe nite Pe nin ts eae $1,009 
OT CO mer aeichiie ire < cise cio cee cele secre Cena he eres 193 
Wal Ve SCOCK AS secs e 2 oe: Srvehite Chace Sra rene aye eens Rie toe aes 8,735 
UCC impr reticgrcdete cls: cic cls b cle mtcaete ateheeds Ciara ase aed Soend ohareke 438 
MISC AREOUS A Bis eiere ocioie s+ eile se iets cies cies eee cued 351 
Department eLabarm Crops: 2.20 -dcmu bee clearest dele owe 
Department of Dairy Husbandry— 
Wh VGs \SCOCKS adi fe cee ests cis get rere cies sieraete ae eee ned aoe $8,145 
Dad ry: «PALM oc Sein asters teens Sele Bie Ee EE 622 
OPC Ce TES ae ete oe aiaie fects sore a neiet coro he ee are mate 714 
Live: Stack mibLary vcsicc.< ccs oe hace we A eee 611 
Dairy Duildine<equipment cic. fuse. eer aoe 1,419 
Miscellaneous ia osc coe tec cows be tii neces 768 
Deans: OMG cy Semi ertet stot fate are Dieta © olay oe eerie See NE ons © 
Department of Farm and Horses— 
TVOVSOS*! Wiss ore aks aie focoho ale veo rovedel bie pe Oe, ote RE $8,850 
OTRO = Fast Ree Me at erase Rie cw us teagan coh a oh fan elec ee eg 303 
Small ‘hearse Wary <.6:30 hs was c ts che eit ae 103 
COLN CLE Dy ase are oie aha Slain clcat eal rotate See a Nee ce ees 277 
EAT Le NOSE "PAIN sence eye tS Coe he thea eee 1,657 
TOO], DAMM: osisis ve heer c loca o tare hate See ace at ee co eae 1,865 
Department of Farm Mechanics— 
OM CO® casera te: crepe Cate 5 aidiond less ana; sasayne soln ete oe ee: ees $353 
Cements laporatory 2.0... coe ee. eee ee 319 
WOod! “ShOD eS ceo siincees Dre ot era co eter es Nenoieor atans 1,231 
WOOF SO SHO Dae aes a lorels ee oo earls: aiepalate ete oo tele ce ee occ pngms 1,590 
Machine sla boratory sas). coc pains ct tns ee oie fe ovata eel 1,738 
Department of Forestry— 
OY ii (aR EN re AD ie SI be pean hie ett te PRE $406 
Wood) teGhnolOsy™ ca tes crores ye treaties oro otelonts oe eae ee 1,764 
Dendrolory: equipment’. oi 504.2. Soe. oes ee cee 1,025 
PHOLOLTADNIC (SUPDILES cl) oe oe es ree es doh «ania tener 1,061 
Camp. COULDMOeN +b atc ce preiasicne tin eee ae eee eee 1,751 
INUTSOrY SULCHSIIS =. % iyi ic tee ttre Oa «ere ert aeeee 253 
INDITROLY SOCK. oxo vaca drielenecs othe aerana GER ax eae ee 3,664 
PULL VIOULUULE: o's tat cree eieiel secdhe Rina coe an cielcag ene RMR Mer ths cers 15 
WIDOCHTLCTIBG bi siece. di ona, csetovo aids «loka &ikan ia 3 ee reve ely te a) One nets 20 
BROOKS, S508 ccs KR wid kk SEE Sew! acl Ra wei bee iw ae eon ee 406 
STULD IGS: Sy iass Boa oatecohe eleea ede Dd ee coed as ere nererars 756 
AYBOUNC GATTICN TORWALUK oc isle-r ie Fae sis ee fal eee 


00 


00 
00 
00 


00 
00 
00 
00 
00 
00 
00 
00 
00 


87 
64 
50 
30 
25 


00 
10 
58 
00 
92 
55 


00 
07 
14 
15 
38 
66 


30 
04 
05 
77 
33 


08 
00 
88 
46 
3h 
81 
15 
35 
20 
35 
03 


$68,400 00 


852,200 
624 


00 
04 


10,728 
2,070 


56 


12,281 
2,275 


15 
53 


13,056 40 


5,232 49 


11,124 62 


$977,993 14 
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PATHOUMGNOVOULNt LOLWELPG! o.0.: s oces ss oer siaschesw leu oie velc aes $977,993 
Department of Horliculture— 
CUETO MONTEIRO ore ore aiedcl hee Aclarvicveds vistewsbeet ote oo acla cn ek $1,593 13 
SCY Stee reRe teeter terey oid aie o els srs. asec lan foto! Mamba eels 797 78 
MST OOM Mra eters) Secor: ais rene wroteaiete esi ees Sone 393 50 
WA OnaAtOnvceOUIDMeN Lb \siss sce ostes oeces 6 oe 2 dleo odie ad 482 75 
PRG ANT SMA OM ALTICS Stes so bsiis.s Coes cote, oho lece lett 1,033 50 
CO RECUHOUSOMD AM Swre.cleictet credo: rota eroca lke loa éa lee one, 1,064 25 
— 5,364 
OMA EIMeN ta Ot eOUlLY fr. cite acl chee eve qesset feneaweaes 2,182 
Department of Soils— 
AT ATAU S AMG eSUPDILCS) «os ve ccic + cc oc clew orc gelecdelee'e $3,142 43 
PR CUUEU CUM omen aetevapatercisycta cS ovenava tetarsis cis & vide « okclore Bese ckdtew ass 503 24 
PHOLOLTADINGMSIIDDILGS Miss eee cles esos ec ancl ce cere ae oe 149 71 
WolleseVeExtenSiOnm riot vet «cele iss a vc etnce bees dace 16 40 
CURSING ALS Reena he rete ae ceusls che ebue ordrehis Pa wee ec ele de 38 45 
———————— 3,850 
Division of Engineering-— 
Department of Civil Engineering— 
ASLEONOMI CA) TEQUIPMVENL 2s es > Feels cence colors a st cast $1,598 55 
Blue printing, drawing and photography ............ 263 86 
CamentalaboratOryar sorcerers seu eo sce elee oases 1,994 56 
Dratting and computing deviees! ..............:.--< 4,383 31 
ERY CID lew AaDOLALOLYmee erie orator ciewicte cre «seh kw 3 2,057 73 
MEAL ATsy seen Per ren eeeP CRT cee eie olorer vole tis else eos pi8i wuelcveie dsc 0 oa vo 320 84 
SULVeVvAN Se NStUMENES aoe. Oe he ete che ce ore ss ced aie wisi tics 10,910 98 
TUNGYCHEY = 5 pep Sich betas ie Casio ae ae en 85 67 
—_ 21,615 
Department of Drawing and Design 2....00........-+---- 5,654 
Department of Mechanical Engineering— 
Office and classroom equipment and supplies ....... $12,040 78 
HXpPerimentawelavOratOLly ss cccssake cicaaes sons. caese 14,861 27 
Naehineee SH ODM scree terrae. rotate siacs yscele hn ciees 14,605 17 
HOTZ SESHOM eeepc meals eee ee ea oo oo kara wh cleales 2,310 52 
TRO UTR AE HAT ies 3. cas Cyeeore O.k ER ITC oe an cna ee ae 1,701 92 
NWVGOGS SOD ers eter iene rae aes ath he esisicte boo aval kohonelan 4,619 92 
———— 50,139 
Department of Physics and Electrical Engineering— 
FAULEN TAD EIT Gta cwepe ee ay ch cernre tere Sibele oieed ceneis's silsive batons e wa ole $2,983 63 
SHOpRAN Ge StOG Kiwis er hee has ie auc Pe cg wietohelarscen 601-94 
IMCEHANIGS eevee eee chee oi alic cso a is S hehy SiGe cislel 1,632 40 
SOUMIGIE crores tesetaietetetn ey We ces chePers okers’ 9 oe wl euesin' ob odeie Gaines eietags 174 30 
ATEN OUR BIRO IG OOS ONT Coen te 1,775 55 
EV AiteReey dee ar ct Marcas pa seenORONOeIOIe, Pe ria ichs lace a tovalalaccas sisters wrote 625 05 
MISciricity andhmaenetisml 4 a. a. sess come e ee ss 3,488 80 
OnNCMENSCUS Meter at ores ce aa rac ais) oie nke Seid oe Bae ae 231 75 
Calvan Omebensiperr cece cote clears ois! oiore a eal s Esl else oueladlets 557 00 
IRESISTANC CHDONESme sete sy Anoccne cscinis shus Meola eure wee 1,018 92 
SLANGATGETESIStATICES® fiscsrs os cicietsic oss GleUacs olels edu ale seas 89 50 
IBTRUG MERE). S60 Goodale Cee oe REL DCE CREE Pee ee a ae 486 00 
NOLOFSPANGESONeratONS: <a. chasse os Os. te 4s ves eels 6,314 00 
VV DULIN CLOT GMMR et eS peek ro aS clove ays a arclece So Sure Sees ev hee 658 00 
NVGHLIMMCLOUS MI iee bs ctatertrn croc Aa sion (overs « vic..cleaseuds otenelazere oak 716 00 
AT CCU CUE STTS) * 8 SONOS CRORE LEI fC ee ae ROR LTS 
SLaulneePONES ue fata. torca-.3 sich eg ovo iol sectovs aeead cigs Stoichaw eis 113 00 
PGT SLO UMICH Sie seeterer aisle crane encisto- siahe phe cues Guat whee. 1,488 00 
VRC OS taliSpee ever ae che ricleeccscerar chs Shasel simone Dorey eaclnetes ahele wie s 170 50 
MiSCEl Aan e@OUS® piven oe cts Meee ee ontecne Stic eokmustas 1,227 42 


25,052 & 


ATMHOUNTTCATEICE: TOLWALG, setelen ccdin cievelhe: lewis nhs oe oie =~ $1,091,852 


Qn oe ne Pe Ws oleae ee ee 


Amount brought forward 


Division of Home Economics— 
Reception room and hall 
Dean’s office 
Gymnasium office 
Gymnasium 
Day Student’s waiting room 
Recitation room 
Parlor 
Guest room 
Second floor 
House library 
Musie room 
Domestic science 
Domestic art 
Howard Terrace 
Dormitory furniture 
Miscellaneous 
Laundry 


Oe), 6 \e) dup ease ow ne ee Ory «ls 
w w19.6 ¢ Be «wi ais lele es w ele elu le.s «te nie) wate cs x m & 
@ 5S Be 2 am Ue.e Cle Be 28,0 6/0, 5 n 16 wields 
S04) G)4. 6. @ O'O58' REO 1S RAAT ye Kn», OF e.6! dis) ale Sin 
ee re 
So 600 0a 0 8 Na ee 0.610 Die @ ie ein Vm Wine € 5 «6 lob a ooly 
@ 20 «6b DWN ,.© le 06 6 @ 8% B.S else) eo e018 6, 0.5 

Sibi wlefaew see islers ie w uN Cos pie ele wees, 6 ele 8, s 


ele CR a CaS O46 oe Dee eee mee avsieoseaus 


oLd..P ei allel ewe id) WES balls pe lelpitie & 78 Asie he ce 


Miscellaneous— 
Carpenter shop 
Cleaning 
Farmers’ Institutes 
Hospital, general 
Hospital cottages 
Nursery and orchard inspection 
Paint shop 
President’s office 
Registrar’s office 
Secretary’s Office— 

Furniture and equipment 
Supplies 


Mysto ee) Gate, eis. sb ae, Fa) ee Win wee 6, eras] © 
©, viele a pico era 0 «6 {ue ers 6 ofelw ui) e.e ie\s 665 


Sm esse Uae 0.678 wiwlene uiesele eis! .mne, teins) ele wave, = se 


Weather service 
Division of Science and Letters— 
Department of Bacteriology— 


see eee 


SEL Sem OC a/e 6 016 © Wes 61S ere C vim e) &, ole, Be 6) Se 6 fe a iwie) eve 
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$1,091,852 86 


19 
64 
81 
43 
20 
85 
00 
85 
20 
55 
00 


$917 99 
1,712 74 


§ ETH 29 420 00 > Ries ae a ee gn ne a RA fer $562 41 
Chemicals. fi. ke fe er te ee OE eee 1,081 87 
PSD ARAL? Sortie sicess er cict heen oe ees eo Pie cleo eee oe 8,771 03 
Hurniture and office: suppliess ..2...02 corse cee eee 967 58 
Department of Botany— 
Apparalussand ¢SupplleS® garn,« sercmimueasivin eee ae See $726 99 
MIN CCIIATICOUS St. ooo etn ee ee See 571 90 
Books: ang “CHArts 52% co ane eee elon eee cee 1,184 35 
BoOLanicalsmuseuniy es cres seca eerie ace See nee 50 00 
CNEMICHISHEE Faces ens Oe ie ne roh oe ae eae eee 106 08 
ASTIN WELT rag es cliche oie tetera ne els feted c tobi As ane ee ate Gis: oneeel ey 1,848 50 
Glasswarevand, DOLcelain ys .eeccikie seis so ivisisre wise es a1 515 78 
VOT DATTUI sc hayeto cts ere reine ca sais a nicretae See oe ete ola’ 6,790 30 
IMICTOSCODES > qa mrels cao che cre tector) otoane otiokere Gichea chee orion, 3,280 15 
TROOIS Fo. cain Sorte totes ele iain on ee nets ee ae ener 60 90 
Department of Chemistry— 
Marniturevand Mixtures” y=. ccm seen cece oe ere $6,627 O07 
Graduated. Slasswanre, Guise cece cies teams one 1,871 07 
Uneraduated’ ‘elassware: (24.4 cc. cakes one oa ee ee 6,213 14 
OMEAnI Ce COCBMNICHIS” <..00.0 «ad skies ee ee 419 00 
PHORS ANIC KCHOEMIICH IS! . . ecreicrayner ores thei sarees ecient ance 1,257 42 
FRECELICAL BUDDILOR! i.5 civieisvelavcss iets the skaeeeie enews Ce 1,249 88 
ADPPArAacus, ANG -BUPDILES! 5 ..n 4c as. o omiee Ue hepa eeers Urals 14,579 76 
SPECIMENS, 562 Wyvra cette sien Pete ea eee ah he yar eee 354 00 
FOOLS Bic ire te aos Wain be lg Rete week cinch a asda gh aoe ee 523 10 


52 


79 
46 
35 
93 
90 
85 
96 
40 
65 


10,287 


3,018 
673 
503 
261 
875 

62 

1,113 
912 
342 


2,630 
1,169 


73 
77 


11,382 


15,184 95 


~ $33,094 44 $1,140,224 01 
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Pent ePLOusht, sLOrward <2 a eu'ss svshoarnabindnta es otis $33,094 44 $1,140,224 01 
Department of Chemistry—Continued— 
ASV LOOLUM OUD DITOS! se s22 v5 55 Wis, ie shal shia, bonele Gerisloue lots 266 50 
IVT RG CUT UIT E OL et BegcusvecccotcisaavancbSeachaiy ie Sock he ean etoinaa.c | Me taco 319 60 
eee — 33.680 54 
PIS PAnEMIOMUC Ol METS Le esis aie o jain) vies sie atersretaysyoisheiaX > we 900 52 
Department of Hntomology— 
MNT MGemandCOMCCtIONS <4 0265.60 005> 006 cae etna $3,706 52 
BHO KAMAN GHC ARGS retiesc cits Stitt its. co ciee se te tle oe ard deans 246 81 
PANY AN CUS MEN Torersretentts cieiers: oiclercraler eves g Sia cis Seite ee siniebaile viene 1,221 86 
SHON so 880h Sow Bao Oe On OCT On Een Decne eee re 463 59 
SS == 5,638 78 
Department of History, and Heonomics .............. 557 75 
AMIR MEET TCS oe ocetecciare ciaceie eons ws hte Supe 5 ala sestaey Ceo’ 63,261 48 
Department of Mathematics— 
MOTT CRE ULISTIN LITO peeayeycte ateter akorer totes: fs) =e 2 cesca so vias * ee lesele $248 80 
BOOKS seca AGO Or OO Os COON OLE OEE Ca en 56 58 
a 305 38 
WePALEMENt VOL MMICLCOLOlOLY occ a... cise ssc 6s es cae cciee 87 86 
Department of Military Science and Tactics— 
RM LMUG UNS MAT G: wtlX PUES) raters cd disve aietare eines) elon 4, cores ale $1,256 29 
Anes prONSHULCS strc «elerctevsleltelereracs)) esos PARES Sono, wel riers 1,366 00 
——_—_———— 2,622 29 
Department of Physical Culture and Athletics— 
ATINOGV wan OssyIM MASH tte cio eicacecaccccsnscs cs $453 00 
BatlmenOusetrercc io cect eee oa Swe ayn ere eisiole beets 40 40 
(QUIS & 4.5 id ba clea eotcto ne CA Otto Dcig Roe a a ee eer 263 25 
PHC UL CMH CLG mbske, crtebsUrtnn cusreiniarn avian: ay siadcreks Sees 1s 3sL0 
889 75 
Department of Physiology and Zoology— 
GENE Vale TEI SEU E oie. arora orsislePaoueus hie skecans, © 6.5, rome ceoisotons $18,888 00 
ANGCALCINI GMO ePAnbMeMite strate caccicomce sie Sys eels ese es 2,842 60 
DISSCCHN EAA eHALLINEM Garcia eee tec oe Sk fered Soe 50 45 
Drawinesimstruments ands material, -......-....0--. 10 95 
CGeoloriGal Sap paAnrawiuStecns eccreveu mia she sees aateue.eiay’s stereos Gite 261 99 
MHCLOS CODES maststetsists. sichel okie aces chore ela ooh qlee oue fee de 2,979 37 
ENOLO STAD DIGS UpPDH ES. a eerssteisie che aicis ln rdcoe secs se 216 85 
POOLS Mere SON RSTAL Sahci ose che eharer suave a nrcieie aioe rena alae Se suns 132 23 
MiSCellane Oust wericed rata stere tious ss tok © pai erin a wae 533 43 
25,915 87 
Division of Veterinary Science— 
Generales CqUipIMe Mt, Bet ote tater cc. 5.o500.4. liso) 6 sores hye «e $670 04 
AW ATMVACOLO Lia tereree cise screws were ety Oo siecle stnerero ye Oe we oss 689 94 
SURE ERY aeen pater ee rot Nererc ree woreaste cheno: Shien Awd oie gree Se elegy s 1,266 18 
JADEST ROUTE be G beg HR PONG iC RENOIR SLE eet an 3,685 28 
——_————— 6,311 44 
Division of Water, Heat and Light— 
MELSPNONECMOCPAGEMIENT. Saictercleeiect ocd vies cpa oees ie arouse tS $2,838 89 
Oni CemuulnnituTremerre yee sess. re toed wo evar sees 6 119 50 
VEC TRE WO ICS ea] LANG Wh sr cxe oti ties tovatstcie snot wide wOPee weet 10,150 00 
HinCmOCUALGILCT ae Meiers cis Sees lashes BAe cesalsals sais 6 2,729 00 
(Ol, 18s LOS” RIGYOLIS TS 6 cele CRG ee ee nee ee 3,517 81 
CES RE COOL Stari te laters sucrose Fonvccs, hc 2 ed yale cleo avausesmanne 1,960 77 
SLeamesieatincwp larity a isc ewer c cose tuetee on oe Alera ne 16,588 00 
ENC See SOC Kester ars cs siscoverd ene Mia vs rast entaawia ye een 3 2,927 90 
PHC iTICMT Obits COC aes. cteie svalh. 5 a avers ovate hho. wae tae tore 2,834 06 


43,665 93 


BIOL Mmrereacpete toss ayes cis, reheat spo hues asanie Sle tral ah me Mewar vc thaee Shsimere = $1,524,061 60 
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SUMMARY OF EXPERIMENT STATION INVENTORY. 


Lands donated to the station— 
80 acres at Grayling, fenced and improved at cost .. 
5 acres at South Haven, fenced and improved ...... 
160 acres at Chatham, including buildings ......... 
620 acres at Chatham, unimproved: -.25...>---..c-ms- 


Buildings— 
Bacteriological ‘stablewv 4 ko ee sw eee eee teaetee 
ELOUSO "Fo citce ti oe aR eer eke Fo re oe cen Rees 
Station “Perrace ‘building: tcc von ca elee ce otis 
Seed: SOOM: 25.0.6 &clok ects eontciaee epic ravartestngct la ee hee te re Sacake 
Slanehter: (houses... <> ariel eeemin es ogee Stee aoe 
SEOrare: DATM. Sacer tetee inci ace os ees eee ee oie 
TNBCCEDY. es fekicecas ala ocd ete Teese se idea hg ea ees 
SOR NOUS Bare Serantoe cn seers ce eee eee eee de 


Experiment Station— 
Division of Bacteriology— 
PSICOPEGHIT OM gayncc ca ciaia tahoe oie ois cre eentere ree meee pe ee rater ne 
AD PAT AGUS ee eae Scio 0 ooo Ler a aie e O1e cane RNG coerce force Muemorete 
Fixtures anu *OMlce: SUPPLIES) =f. ssa see «| clea 
CHEM IG AIS eee Seer tae eee aaa orayeVina oN atlas % o eeorrnenaee 


Division of Botany— 


$1,000 
1,000 


00 
00 
00 
00 


00 
00 
00 
00 
00 
00 
00 
00 


— 


$2,179 
9,510 
258 
729 


64 
57 
59 
32 


Scientifie -apparatus: eee ae ate ose. San) tdiaoeh. $2,478 89 
Microscopes and photo apparatus .................. 880 56 
laboratory “Suppliest 45.52 se. ete ste oes we arash sie eh ters 206 63 
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REPORT OF THE PRESIDENT. 


To the Honorable State Board of Agriculture: 

The President of the College has the honor to submit to the State 
Board of Agriculture the following report for the year ending June 
30, 1918. This report, as in previous years, will be published as a part 
of the full report which is annually issued by the college under the 
title “Report of the Secretary of the State Board of Agriculture.” These 
reports, which give a full history of the college as well as all bulletins 
issued by the Experiment Station, date back to the beginning of agri- 
cultural education in this country and form a record which will be 
highly prized some day as an authentic record of agricultural develop- 
ment. 

As this report contains a very full record of the various departments 
of the college, it has not seemed necessary nor wise for the President 
to issue an elaborate report each year which would necessarily dupli- 
cate in a large measure, the annual report issued by the college. This 
report therefore, will be limited to the few matters which will not 
otherwise be made a part of the report which the Secretary of the Col- 
lege is required by law to issue. 

The work accomplished during the year was very satisfactory. The 
health of the students was unusually good and nothing occurred to 
interfere with the regular work of the students and faculty. The at- 
tendance in the regular college classes was larger than in any previous 
year although the total enrollment, due to certain changes in the short 
courses, was not quite so large as the enrollment of the previous year. 

The graduating class numbered 165. Of this number 69 were graduated 
from the Agricultural course, 51 from the course in Engineering, 30 from 
the Home Economics course, 14 from the Forestry course and 1 from 
the course in Veterinary Medicine. 

Advanced degrees were granted to 30 former graduates of the col- 
lege who had met all the requirements as set forth in the college catalog. 
Ten received the degree of C. E., 5 the degree of M. E., 1 was awarded 
the degree of M. H., 2 the degree of M. A., 2 the degree of M. F., 
and 6 the degree of M. H. E. 

The names and addresses of the graduating class and also those re- 
ceiving advanced degrees will be found later in this report. 

The degree of Master of Science in course was granted to the follow- 
ing persons: John Carlton Hurley, Macedon, N. Y.; Charles Jay Oviatt, 
Bay City, Mich.; Charles Burt Ross, Morgantown, W. Va. and Con- 
stantine Nicholas Svetlikoff, Suzran, Russia. 

Mr. Charles IE. Bassett of Fennville and Mr. James K. Jakway of 
Benton Harbor, both of whom were former students of the college and 
have rendered conspicuous service to the horticultural interests of the 
state, were awarded the honorary degree of Master of Horticulture. _ 

J. Henry Moores, who was a student in the college from 1865 to 1565 
and who is serving his day and generation in a most generous and pub- 
lie spirited manner, was selected for the honorary degree of Master of 
Arts, 
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The degree of Doctor of Science was conferred upon two former 
graduates of the college, W. A. Taylor of the class of ’88 and now 
Chief of the Bureau of Plant Industry of the Department of Agriculture, 
Washington, and Professor Warren Babcock, the head of the Department 
of Mathematics of the college. 

Professor Babcock was té iken by death before the public announcement 
of the honor conferred upon him by his Alma Mater on Commencement 
day. 

Commencement exercises were held in a large tent in which was also 
held the Alumni banquet. 

The Baccalaureate sermon was given on June 22nd by the Rt. Rey. 
Charles D. Williams, of Detroit, Bishop of Michigan. 

The address to the graduating class was delivered by Miss Ida M. 
Tarbell, Associate Editor of American Magazine. 

The Triennial reunion of the Alumni was held on the day following 
Commencement and was attended by between six and seven hundred 
graduates of the college. These triennial meetings are mile-stones in 
the history of the college. The semi-centennial meeting six years ago 
was particularly significant. At that meeting a record of progress and 
development was noted which was gratifying to the friends of the col- 
lege. A brief comparison of the status of the college at that time and 
the present will show something of the progress of recent years 


In 1907 there were 17 full professors; in 1918 there were 25. 

In 1907 there were 3 assistant and associate professors; in 1913 there 
were 25. 

In 1907 there were 52 instructors; in 1918 there were 84. 

In 1907 there were 92 in the teaching force not including extension 
men; in 1913 there were 152. 

In 1907 the average salary paid associate and assistant professors 
was $1265. At present the average is $1691. 

In 1907 the average salary paid instructors was $827, and at present 
$1050. 

The number of students enrolled in 1907 was 1000 and at present 1643. 


COURSES OF STUDY. 


The courses of college grade will be continued without change or 
modification during the coming year. It has been decided by the Board 
upon recommendation of the Faculty, to discontinue the five year course 
after next year. While this course has served a useful purpose, it is 
believed that the time has come when the college can, with the means 
at its disposal, serve a higher purpose than to offer work which belongs 
to the preparatory school. The college will endeavor in some way to 
take care of the few meritorious cases each year which cannot be prop- 
erly cared for by the secondary schools of the state. 

The eight week courses which are held during January and February 
and which have been- so popul: wv and successful in the past, will be 
augmented by the addition of a seven weeks term which will be held 
during November and Daceher. This will make practically a contin- 
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uous term of fifteen weeks. A second year of instruction will be offered 
to those who complete successfully the first year, thus making a two 
year winter course in practical agriculture. These courses will be open 
to students from the public schools who have attained the age of seyen- 
teen years. 

FACULTY. 


The college loses this year three prominent members of its faculty. 

Professor Warren Babcock, who had been ill for nearly two years, de- 
parted this life on June 3rd. Professor Babcock after graduation from 
the Milan High School, entered the freshman class of this college 
in the fall of 1885 and graduated with the class of 1890. He was at 
once employed as an instructor in the Department of Mathematies and 
Civil Engineering and in due time was promoted to the rank of Asso- 
ciate Professor. When mathematics was made an independent de- 
partment in 1909, he was placed at its head and served in this capacity 
until his death. He also rendered very valuable service to the college 
as Secretary of the Faculty. He was devoted to the interest of the 
college and was unsparing in his efforts in its behalf. 

Miss Maude Gilchrist, who has been in charge of the Women’s De- 
partment as Dean during the past twelve years, resigned at the close 
of the year to accept an Associate Professorship in Botany in her Alma 
Mater—Wellesley. The splendid development of this department has 
been due in no small measure to the good judgment, keen initiative and 
courageous efforts of the Dean. She brought to the position the very 
best of training in scholarship and experience; thorough preparation 
reinforced with the very highest qualities of character made her ad- 
ministration one of signal success. The College regrets to lose her ser- 
vices. 

Miss Georgia White, A. B. Ph. D., who will succeed Miss Gilchrist is 
a graduate of Lake Erie College and after studying abroad, completed 
her work for the Doctor’s degree at Cornell University. She taught 
Sociology in Smith College for eight years and has been Dean of Women 
at Olivet College during the past two years. 

Professor J. A. Jeffery, who has served the college for the past four- 
teen years, first as head of the Agronomy department and after this de- 
partment was divided in 1902, as head of the Department of Soils, has 
resigned to accept a more lucrative position as head of the Farm de- 
partment of the Duluth and South Shore Railroad. 

Professor Jeffery has rendered the college very faithful and efficient 
service. He has been an honest, willing worker and has brought to his 
task not only thorough training but a sincerity of purpose which has 
made his influence on students and associates count for great and 
permanent good. It will be difficult to find a successor of such sterling 
qualities of character. 


BUILDINGS. 


The college has under construction a dairy building which when 
completed will very adequately meet the needs of this department. Plans 
are also under way for the erection of a building for the Veterinary 
division. 

It will be a number of years before all the buildings now needed by 
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the institution can be provided. It is encouraging, however, that there 
is good reason to believe that new buildings to meet all needs can be 
provided within the next few years. 


FIELD MEN. 


The college is rapidly increasing the work carried on outside of the 
institution. Five men have been giving their full time to extension work. 
This number will be increased by the addition of several men in the 
near future. Three district men and eleyen county men are employed 
in co-operation with the Government. It is expected also that there will 
be an increase in this number in the near future. 

Twenty-one high schools in the state last year offered full courses in 
agriculture. Agriculture in these schools was taught by graduates of 
the college. Next year more than thirty high schools will offer full 
courses in agriculture. Last year in connection with the high schools 
teaching agriculture, one week courses in agriculture. were offered to 
the farmers of the neighborhood. These were well attended and on the 
whole were very successful. It is planned also to increase this line of 
work next year. 

The last Legislature increased the mill tax from one-tenth to one-sixth 
of a mill. One-tenth of a mill vielded an annual income of $228,000.00. 
The new rate will give the college an income of $381,000.00. This will 
be increased automatically next year, probably not less than 25% and 
each third and fifth year thereafter, the amount will be increased to 
correspond with the increase in the valuation of the property of the 
state. This fund is believed to be sufficient to take care of the growing 
needs of the college and at the same time to add during the next few 
years new buildings to the extent in value of $100,000 to $150,000 per 
annum. 

The State Board has been fortunate in securing both by purchase and 
by contract to purchase, the Woodbury farm lying across the river 
from the west part of the campus. This farm consists of 335 acres 
and comes within a quarter of a mile of the center of the campus and 
is joined on both the north and east sides by the college farm. This 
will make it possible to greatly enlarge the athletic field and also to 
develop a large drill ground across the river. The present drill ground 
has become entirely too small for the twelve companies now forming 
the battalion. The farm is also greatly needed for the growing of crops 
and general farm purposes. It is believed that the wisdom of this 
purchase will be much appreciated in years to come. 

For information concerning the work of the various departments of 
the college, please consult their reports herewith submitted. 

The following statistics concerning student enrollment may be of 
interest. 

J. L. SNYDER, 
President. 
East Lansing, Mich., June 30, 1913. 
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PREPARATION OF NEW STUDENTS. 
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COUNTIES REPRESENTED IN ENTERING CLASS. 
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eI NEL MAIN EAR CDCA LEU aaacie tree em eeIeePe onsite sereks cee all cra oiceeic llsicus, 4 etc /ecoetelb lite co: ec ohu.elllsva » eteea 4 
INIGIG UGUEMS oie deed Maen Bae ce Nee ite ae cn ku aan (Diener nn] lense eee |e ia eae RS | 1,643 
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| H 
Men. | Women. | Total. 

! | 
PAT OHILGGE a2 Foon 5 x: ana drach ie Basra a apa Ae, ee OL eT EE | nA be ee ae. Sgt | 1 
BACs cieieiz's X46 sic ute Le Phas cig ey ir a ad a eS ater 7 5 12 
PR ATDOR a's ocie'k ¢ suvcrats cis Maem) oa, cael ry Gt ee ene i fae ee ee 1 
PROSTATE YS 3 sea chk ee & oko ORK Belo oa A tle Ae | je Ls, 5 1 
AT PONG OT oes" Fike: ste se gts sar Bers caheneeeyeee At esa ME LS ok Pn ge eI LOG haha thes cuntete | 10 
MACTISs Sad 2 oo eee A OE AS ees Dkk ch. eae aCe IS faci | 13 2 15 
ATONUTACEON S225 FA 5 Ar et ce Lae ey eaten } 14 4 18 
County: and State Officerss . cecal) a. of aa te ee 2 1 3 
WI OCCAREC.. 5) W Novas: cits Heat eng a ats uate LA nieve oes Ee oe Ie 15 5 20 
DP OUGISE 3 eet hase s Phen rag wrth. ae cake Se ch RO ea a | 1S ee haere C 1 
ATU RISE: « sepsis he SE <b eed bs ea A Ra Ark ae Lelie oA ore ae 1 
FOCItOE (k= az at Ae De cro ete Cees Re es Ie Rae ee ee bo eh 1 1 
BNP IVEEE ss WAGe | chen Pak ates a icrtieas = eta las Stanckold bons, pee ea 9 3 12 
UAE MAIN ecg cy tcles Paral a ie oe oa ead era a, ALD ee teal 133 38 171 
OTe Vert) arenes ori ie vee Seti Sr eter ate ck i Gor eed oe 3 1 4 
501) PR ES Oar ed cae Se Sa en ee 8 Ree eres cee gear ed De 3 1 4 
UniGene i ) era a ee, CE Ae Ss amr ie, ae Ce Re, Dr atege exer toy ate 1 
MI SUTATICE yc Reena Ne eV TN SaaS T sno oie lone coe aoe aE Cran ceiite | Dall loge ee eee 2 
RLEWOIGI fannie he rere Ai ee i Ee nese ee Ain erage tin ee rT SE etorr eee 3 
WsabHOrers:.t.. Gee. ee crete ie fe ka OR gd 2 a Pee eee Gs eae ee Pa | LO Se aes ents 10 
ESRWVED os Seecreeeee RR eres RET ee ore to EPO Mase eres 4 3 #4 
LETT ene Were eee Ee eRe ay eave A eer aae A Aa! os a Oe pee 1) RE an ae 3 
UOT seleyerucst: nett oer he et an NL es Celie Eee nun at ears eee en ae ae Sabi Pes So 8 
VAD UT ACTUTED oe <a ee ee ee RS tee betes, 0s 6 Ly 7 
Masons SF esi 0c. Jaca « Baya Mein a BOL Poa Tekh honed cate, Sele { 2 Me eee 2 
We CH annie > A 55. Search pain te ed ee ep ESE Ste re i183 4 17 
Merchantic. iis chet Pe shhe oh ore le mere ee h Ot eee eee 42 17 59 
UNO TTeg ea it Pe aeraplerlic reine oth, APhet share la Bat Aen Fe Mt ae Sil erat-tere ates 3 
RVDTTTISCET a Says cr ee eae She Ree tere ee eae fe ee eee 3 i 8 
1100) Ca (=i eee ne ly ADD Siem Mg ube pre rae iene fee seater Lt lt 2 ares al 1 
BVEDISICIANI oes Saptorcis eb pibaie eet ht RCN ee ret, SM cate be ats cee SNe 8 a | Les |ove,. acer aes 1 
INOUPIVOM:.(s an) ese ic ecole ead - inuricee a ire Ge Onto e aes 22 6 28 
EUG OLA ecisievc teh eee oe isa er OTe re eee ee cae kell vote, cores 1 1 
BD UDSTADHEL tok hays ae See ee ee me deh fare co ane ee CWS Seems Tea hareie pac tecmer 1 
12) 057421 00) C1 ee eee = eRe day 5 i pe Sg Ly ai ge 10 2 12 
LED LNT 2) vee ae, Sea eh) i Rees Ne ule eine eee aN Cele ee eT A [on Ai eR Coe 1 1 
ERERLTO BG falar, SyaPate ble RN) Aaa enti teria} EPA aye Loa oR Ben aay eae ULE ore ee Bt 
UCR ISTALGs, Coton Cee eR ee er ee eae ee | BURA Ae sees 8 
USA o] haa 0 Rg ase ee a ire en RE EPS OLS ae MRO ere tee Se, aime Wee ae | it 33 14 
SILESIN ATI bc Sete stays epee ots MO ae IE aoe Seve eyece te Ne. ee ane | 12 4 16 
Sf al: 1a een, ene, SOR wee Adee oon er CMY? Ber) eo AiG hers > ateeeeaeea zi 
Sedat SESE So eR Re RSD as GR A ; Neti tae eee : 

BNOLTADHEIs ore Cota. hc Ee eee ee Eee ee ae es eens Ba aoe erent 
BSCOCHIN AILS Fee ease Sena ata ae cheek ate Pe oe een eae } Lae aioe 1 
PEO cre tana Sa cee hae oe ee oe ee ' 2 1 3 
SROAGHET vin gh nyc Uys Pe tCehl ope ve eae ee Gein ees es cate oe te ec etere fev | At Ae amen ae 4 
PRIOR E cast re ie cette crere Rae ee conte: Mee eee ne Ca Tce Tae ee weet See 2 
Uitlertaken sia A! a ortel. sek eehc cry tate Hanh rere aiken Delete te here OLE erat igre ea 2 2 
Ss POSLOMICE: vine sacs en.t Eee ett nes re mon aie eae hare oe i. 2 9 
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by “f,” and Veterinary Science by ‘‘v.’’) 


39 


Name. Post Office. County 
AlceremUlaliar Bee Were citece he cen s ture pines (Oi iO AS eh eS rte ets an ction ee Clare. 
PATTON RCTICASOINs [emis ctereralcteus aves Seis s/s.4,¢ svahelienckaye Gomptochkewas x4 st Munieese pene ts Kalamazoo. 
PAE TICME CLC Ve Laue ie cisicle wears sip alt nigie ties ieianve © FROCHESECIN iova.sica a 'eihe aahtmten nares New York. 
Aillen; Rhea Bernice; he... 1... eee eee DASE RAMS Pe) oko) «oy <rancre tale) Sieransts Ingham. 
Andrews, Francis Englebert, e..............- Grand Rapids ie. ares 2s Get sneas ets Kent. 
SOT RED EIUILOS Cars pil ce A Wate, aie ata, ts, </c¥o) haere elisha, ei IPANEIN GR yoy terenctay-leev ck) 2 seh eel Ingham. 
aD VIRNIMIS OUTS Wickvareiclsrele 0 ss0e sciee ses QOrvalle eas si. hectares ser stotiecatorats OnIO. 
BalevewHinan ed avlOl) Gelso cnaeists speisys «sa sisle,os FTUISU AIS sore ehepopere ae rere cece Hillsdale. 
ae suNOMaAs TCU, itis ccyencts se «- Ma seyesseusiat> GrandsHavent). 5 ost st cna Ottawa. 
SUE IMOMVODRINS wie cveleis ovsatehesis o + asic ere sree Grand Rapids sass. as. oe ene Kent. 
Bauer, Clifford Lawrence, e................- MUTTON ays suche re: 0. cv syesel sueyth Sven snake Lenawee 
Bauer, Walter Ferdinand, e................. IGELOIb oa tetaaenin one c sp ae Wayne 
Bissell, Richard Elwood, e................-- IVELIEOTOMS picnics ao ome Oakland. 
Bloomquist, Fritz Theodore, a.............. IMT HOMO eam eons samen ae Schoolcraft 
Bowles) Herbert Rudolph,ia@..........--0«.- IDRIS Osco boo GS Ton omer ans Wayne. 
BUACISYPELARGY, ELAZCS reiehcie «ove so) © aes jail sunllors NGANISIN yan serine espe neta tae Ingham. 
Brandes biimer Walker, @)..0.0- cc. ss VGCTOMS mesic te eras ave iy y= Sako re Wayne. 
ESTA SHALL AIM ESS Cate as, «cre aos = oe lero cushe Corunnatay rs esis Oe oiewici no eo Shiawassee. 
BEIGE; Owaeht AMen, Gj. 2s oa c.c's ot «= oe eine eie IDELROIG Sacnine oo oe eee Wayne. 
Brusselbach, Ruth Antoinette, h............ Hasleticeseec oct ee oe Le a 
Campbell, Leroy Wardell, e................ Grande Rapids. err ee aie eels Kent... 
Carey, Lafayette Charles, a................ Charlevoix een... oes eye Charlevoix. 
Carstens; Carl’ Christopher, @.. 20. .2566-5..- MICH Pan City 6 hee os ake horas INDIANA 
Chamberlin, Ralph Gerald, e............... Grand $Ramids s-cctceeee ace Kent 
Chambers, Edward George, ¢e............... MranktOLtere vce srircem tee eee) oe Benzie 
Chapman, Carroll Barney, e...............- ROCHESLER ae eee Oakland 
Clawson Waly UOUISC, Weiss so acces le 8 one PCHLOM ie 1 tora stn cat enezois see Merete Wayne 
Clemens Louise Tsabels Wik. oc mic = ales ten ont ereie Sebewaineweeans- cn oe sconoenmel uron 
Clothier! Hubert (George, a... .. cnc. 2 age. Mianlettecert.<crns tes ccniercet cack Sanilac 
C@oleany Richard AMGnew, fi... fc. woe ces we owe MS CT wives ears sctele rote trentncs oe cua myer PENNSYLVANIA. 
Collins HanloeCamry nels scsi crs oo stereos aleve. as WAN SINS Sener ner Mr tec Ingham. 
GON Geral le pirat cettne ere Cutie esha Su terailece oes Grangeelavenl cnn en nee Ottawa. 
Corey, Walter Coombs, a.........:..-.-4-- Horbew ayNes. & crises co abocas s INDIANA. 
Cowing; Prank ‘Pickering; fii..-.--.--055-.6- HOME WOOU ss hers ae eae ILLINOIS. 
(Ciimnay Lb ie Do brG Al Opole er aoe aa eno SARIN A Witter, shoe eacinas ake Shots Saginaw. 
Crane; Rena, eo... - Toot boon CORO none liga eco dou ees dodo sone Allegan. 
Crawford, Charles Beattie, f..............-. IDM eR SGoneap ener 06g misoo Cue Genesee. 
Cumming, William Sinclair, e............... Sib eyios aere eros exe excite. fetes eteweue Wayne. 
Davidson, William Leslie, a..............6. INIT A De ene ae ade Alpena. 
PV CATS PL TUUIAM Vics Ciarore cre =e cls sie «or = ine fain es. VSM AIG Se erate eed ake ck ee Washtenaw. 
WMECIODUCE Ss VMUALbIN, enshre ce ces esse cues one GrandiHavens. io. ess) ease Ottawa. 
Dennison, Homer Edward, a............... MASEMEATISING he Sevan aas tissues Ingham. 
ieee LD EH FUG nS 6 ioc Cm omioae Gc orte Baye Cityicten tierce eet. octet roe Bay. 
Dillman, Grover Cleveland, e..............-- IBaneOn co ere ee eee Van Buren. 
WG arlenG COLRe VE enna acise eae os na eeaolele Sanus kiyprec: sees cleus weve eeerspescione Sanilac. 
Douglas, Marl) Chester, ¢.. .. 6 2... Je ee BH anb eer ek create INDIANA. 
Mita WAM CIS \Wiillialtls Gis yey. cele ces svaloiw esse IS Dabber yensyteyn aero epee anor ere Kent. 
MC Cv pwAUITOU, emia lcue ecw se cia ae > cles, 2 e cuanmsojene IPOTGPAMISTIAG anaes oy hits ote Sloe Huron. 
Eliman, Morris Crasniansky, a.............. INTC WRELAV.ellnnee ee. nose eee. ConneEcTICUT. 
Favorite, Nellie Grace, h................00- EWTN AVON GE Sonne aes conus ae INDIANA. 
Fields, Walter Samuel, a... LL QhO cen eee rotate lasses New Yorke. 
Filkins, Stanley Jay, e..... Oak Grove Livingston. 
Mleticher, JOhNeDESHON i... ¢ i << + wis = * IBELEIOH aero ete eran Berrien. 
irae NOLMIAMG ET ECO sie cclloh oll s.cs<selo » olels siiel'are ID CETOLS etre asl fonotek Wayne. 
Gaffney, Edward Bernard, e............-... IACONO A SoSdoond wodb autos | Roscommon, 
Gardner, Harriet Barbara, h Sea PEs tare ee Ingham. 
Geyer, Elmer Charles, f...... Unionville Tuscola. 
Gilson, Clair Amasa, e...... INDIES So RAS wo iene Berrien. 
Godin, Frederick Joseph, a Sault Ste. Marie..... Chippewa. 
Goodwin, Ozias Talcott, a............. IGS 3 6. Sena a Role Dep esINee Tonia. 
Gorenfio, Elmer Frederick, a ADELTOMU satan ciceea lees fats caine Wayne. 
Graham, Gladys Phyllis) hi... --- «1: =. Me MLD ACHE tet «rts cqaeeinns cis cola lese Gratiot. 
Gribble, William Charles, ¢.......-.....+.+.- Iori OOC Nps yaeianite terrae ie Gogebic. 
Gridley; Norman Brown, es 4... 3- eee wie East Lansing... Ingham. 
EAC a) AVACUGCOTLE NE. o cciicreiel seca etree eats Saline acwactes hes ws bie alae sare Washtenaw. 
HacernnanseMeloyeluesly, G1... cit seo eles WANT rReteh tees Soave oe ete rays Gra sudessene Hillsdale. 
HMalii@arroli Mersey, Css. ost. vine seep se Tift eGo crc aaetaraichcaetn fare tee ahs ..| New York. 
Hamilton; JosephiHealds a. 2: «2.1.4. .- «06s - Grand#RapidSs.5.. scene ease 6 Kent. 
Hammon, Dana Charles; 0. 0ccces ee cnt WETIMOMEVINIE As scthirsw tru eg 6 ..-| Eaton. 


County. 
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Name. | Post Office. 
Harvey, Bunbwilll @-.n<fsie acticin verre s <- PORCH 4 oh soliss  ene e eeds 
Waugh, “HayMonG HOCK Hes occ wc. cartes + > rcs. Detroit..... 
Hayes, Florence Marie, h.................. ae sie reese TG, eee oct ee ER 
Wendrickson; Arthur BOward :G).5 asses oe » |) (GQrandsRaplds. <i... ov See ee 
Hewitt, Howard Eugene, a................. TGSVISIN Gite iuis, water tes eee ee 
Hilbert; Joseph Victor, €.'. nce oa a ss ee Woodland).\...6- aco. Soper 
FLOCK: PUIMerVOrrGShs Gsiste/o ot crete ea cree Gane 1D Y=) 0) | Sa RA occa ey ee, BS. 
Hogan; Susiewuanite, 2s... 22... econ ee ok Clinton? = sh Foo. hic See 
Holland, Maurice Lawrence, a.............. HOSCOMMON! as cceue. cre eee 
EMUILCHING; eG sMalOy Gn. tahini o sshiees PENTVUIE She tee icc ome oe 
Pitinn Howard els aeocian 6 ees ck ve cas car Parma ees en oe ce 
Jacklin, Harold Madison, e................. THANSID Ee) ccc s re eee ine 
Jakway,) Clara JOyCG; Bis sictn coe css tee Bentonsarvore: 5-0 so. wee oe 
Kaden, Frederick Charles, a................ MLO 2 Fok toler teres eee on eee ceoae 
Kanters, love IMGINGaI 6. Seche s nctste «ure wie ens VOU cn Gel erence meee eo ay ee eae 
Kelley LeoneWerry, (e.. acteristic seems ar ein ATA ai. cteohtecteh oh phe 
Ketcham, PawliDwieht, ave ..cs.n- se). see SOULD HLaVeNne) pos eee 
Kiefer: Barlt@hesterve> too semis asc aeons WranNkfOEe ou. c2 Seth scene eee 
Kimball, Richard Mautheno, a............. GrandhRapidss3 cul sr ae 
Miinren earl viott, as nc eee oe ieee | Delawarese nincns cron noe ae 
Knickerbocker, Mamie Maude, h............ ees Seer sions eee we Peete a 
Kroodsma, Raymond Frederick, f........... Grand Rapids... an «ee 
Lamoreaux, Madge, h..... Fad CP aO UE eee Be Grand! Riapids=:... acacia. - eaters. 
Langworthy, Hannah Virginia, h............ RGlLGSKOYR is cot oe eo 
Lardie, George esliesten.ciicis es worse ce = Uijitabbat=yifo) lair am a aberemry eterena cee 
Lewis, AlmiyranOeCwey;,ilts.c cise cissc css ewes OEE AW AYO. onc 2, cts ls os tee 
Loree, Martha Van Orden, h...........0.:. PASO MO ATISIN PY ...58 x25 oyun aie he 
|e) eel a0) 012) od UR a Se es AE ee Ae Mast AMS. acl ve cise ae cere 
Lovelace, Edward: Keets;e, ......0....."..% Conklin rae ne Ae ee eee 
McClintock, James Albertine, a............. GAMSIN PTA: once eres teehee ee 
McDonald, William Arthur, f............... OWOSROLR See sos oo ee 
McIntyre, Howard Hoke, a................ SWISSValO Ss, as ee ace ewes Ss ve 
MeFKallop;.Mary-Hthel, Wis cise stowiere oe a oe ID GtLOI eo a.c se at hte ee Ee 
McNeil William) Thomas; a. cee eee Collings hc creates cern 
Macdonald, Joseph Alexander, e............ Grand Rapids.: .. c.2o0 oo eee 
Mason; Attar Chrarlesi a efecto ee tree ore SalIMen ee eto Sees eee 
Mather: Dan WiHlArGsia :h osteo eo Hast sUanSin ge nai seis neers eel 
Meyers BarlHortonsie e's ae cls wrens are te = Mcub is croatia creteinds. iets ante. oer teers 
Miners, Harold Freeman, e............-.... IBGGUION fe recitieer ete. Ser tees 
Mooney, Bernie Edward, f...............-.. WINGS Yi. s.c:2 be ere ie divevayeoteas ete 
Moore, MOrmis HOMIer, 62)... 2 eee sce TTAVETSC C1Ly ich aeamit ae ce ee a 
Nason ivalid sther, 2. stra oci- vie cle oe choirs Comstock Parken <tc. as ae 
NICS, SWilliaMM sa vaNe, Cx. < oils ores slots a ere rieucus OMG, Bee ireeweincs oa ae aes tok 
Normington, Ruth Dorothy, h.............. LOD Ato Co eerie ee 
Olney, Albert Jackson, a................+.. IRCOMAT «isc s ccs oe eee oes 
Olney, Clinton Beem; Marlee «cer atels REGIA Ce scree tee tee aa rela 
Osler, *Harold'!Scottyiaci.< et... ce ein ein whee IMaSb Lansing cc kel oli ects tare 
Pailthorp, Raymond Randall, a............. FP ELOSK Ones vreere crown ease ee lar 
Pickford, krvin SPOS Na oe iials wlnvcicnclea ole yte WaASt hUaUSiNe.. A115): ents a aloes 
Powell, Hazel Wiel aie: eecsretele aside = sie POLO OMS tre wietecnea nieve renter oie xis 
Prescott, Lyle Anthury esos sieve cee cae te stave WHOS Gt ecu renewte snus hiag yee ay toro 
Reed; Tiiher: James, Gisicctaisicjs Sees = estes os (O11 eee eaa hic Sect ee, Hehe sh tyra 
Reiley, WULeris tis. cic ioh awe felets Crocs ceatureiciete Bellare 02st cron eo ene ee 
Riblet, William Roy, e........ Elkhart 
Riddell, Fred Thomas, a Hudsonville 
Robey, Orsel Edwin, e........ | Okemos 
FROSEN ELODOUGs Ih sic o51s wrecs 0 2-2 Detroit 
Runner, ATEDUC TOMMY (0 vies oie crate act necista stele Shelby 
Russell, Merl Andrew, a Greenville tase sacs hce see 
Sackrider, Ard “EHOMSs; Gi. cic vlan sas alee ote Badtle: Creeks vite as. eae wrt 
Sandhammer, Frank, a.... IBUCGIUS., ci site ss Sn clea ae 
Sayre, Donald Thomas, a.............. SOUUA DivOW eens, «nie wivweniee anal 
Pebuiyler, PUA As iGicia sci sis iaiy atarsisveras ais Na be te a RAR PO NES ry fee rere Oa 
SEriD Grek V DU WW ALUAIN oe o.s1cee Sit cles ePera DDOLTOL Ee tee Paneer 
Servis, Lawrence Raymond, a hel ONEDM sss sta.s.sisice oe ieee h 
HALEN y, DLATY VLU Ics Ths 6 ccalcraes,» oR wiern aula etels Hash SGAnSINPS Petsson ais ceed 
Sherman, wey a DEL Yh sw nelvnsd. ome Gor cisenaoraeal eters TRIBIG is attests ae alm oe ore EA 
Shuttleworth, Earl Harrison, e.............. LU Fa (el RO ear etent Se ry od 
Sibley, Judson Standish, fF. 2.070°. 5 2. ssc eis IE ONGIBG 530s wa wee ade +. eee eae 
Simpson, Nathan Duncombe, a............. WBCKGON ja'5% us Vin cores omtmarriole re wiers 


Macomb. 
Wayne. 
Ingham. 
Kent. 
Ingham. 
Barry. 
Wayne. 
Lenawee. 
Roscommon. 
Allegan. 
Jackson. 


Ingham. 
Berrien. 


Charlevoix. 
Ottawa. 
Antrim. 
Allegan. 
Benzie. 
Kent. 
OuxI0. 
Ingham. 
Kent. 


Kent. 
Emmet. 
Mason. 
INDIANA. 
Ingham. 
Ingham. 
Ottawa. 


Ingham. 
Shiawassee. 


Kent. 
Washtenaw. 
Ingham. 
Osceola. 

Berrien. 

Onto. 

Grand Traverse. 


Newaygo. 
Newaygo. 
Ingham. 


Emmet. 
| Ingham. 

Ouro. 

Ingham. 


| Genesee. 
| Antrim. 
| INDIANA. 
Ottawa. 
Ingham. 
Wayne. 
Oceana. 
Montcalm. 


| Calhoun, 
ONTO. 
Oakland, 
Lenawee. 
Wayne. 

| Berrien. 


| Oa land. 
Jackson. 


DEPARTMENT 
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Name. | Post Office. County. 
RUEIUN OGCCHIVeellny tia. citer eer anita Keio oi aLION sycios cot nk Ab ake un. INDIANA. 
SMO GU VON. SUN OD ws dors: seuss bis.dk eattcee cea (ORD OMFG caer ev aele ne hee eats INDIANA. 
SHOW, PeLarry Gilbert, Gas. cc tco tas as Sevoe pare VICI tee eer ener ase A Kalamazoo. 
Stege, George William, ¢: .:..2. 0... 00s..0 08 WEATISUCC EES vite cis cole wane wee Manistee. 
ptone, Donald Dwight; €.. o...0-.4....:000e | DULG tea eek tenet etine Suxts ins eo aroha Genesee. 
Thompson, Leroy Hatchel, e....:........-«. pALUANSU MO syn ate, cotaay charter hh | ieisets Ingham. 
Per ean WaITeN fee cr uerie teas c stan. IGN O Il ay oreperenine ehete Mh te acs evo pe rien Genesee. 
Turney, Mary Emaline, (5 CAL Areas eit EAN WD Giroltt ade eso. ec rts Wayne. 
Mankerckbove.JOSephs @o5..fe2 500. . bob eee INOUE Waite oct shah ce Dickinson. 
Winines Keats Kendall, a. ccc. s,s emcee TEAK CVIS We vines tus att inolepas Sabet Montcalm. 
ee DO MELCTMNAT GY Gert .aionnectPateo aba ochre INOrth pont... ee eae ee Leelanau. 

ron, Clara Mayon Tecumseh.... Lenawee. 
Walsh. Frederick John, e | Grand Haven Ottawa. 
Ward, Homer Merle, e HTUISG BIO sarees ob ce sip cepa Hillsdale. 
Warner, Arthur Rrastus, etapa s SC eae el Pl yMO Weegee yeh cee ore ere Wayne. 
Wield osephiSamuel,caisgsce ceo. sso eee wt VVESSEUDS EY Cetebe Hic pa it weiss + tae Tuscola. 
Wendt, OW TIOIVT ATE Casters (erence ce cn oe i KOO SEs Getic Mine. auhelae socio nome St. Clair. 
Westveld, IND AINIS Py rent aes: Lacie, Metece ote re GrandeRapidssacs. Se ost see ee Kent. 
Wheater, Henry Jay, a BOE Cee Cite Re ee Ih all eens Ge Mee on oe reed Allegan. 
Wileden, Lewis Alison, DMRS APR ONE). Pray Oxrtonvillenesnse token ee Oakland. 
Wilhelm, Hii pe W ALTE, td tek es ecko ke Websters @rossing<s. as cee.ce en Livingston. 
Wilson, Alston WORD aoe see ee eee |[SISIEXG ee ee tie oe Ho aa Si Omi On10. 
Wolf, Arthur David, ft. Soha ana amokiterd EAA GrandeRiapidsis aes these. wee. Kent. 
Woodin, Irving John, tar AO, Sony tots OWOSSOLe ee Se ete Cee eee oles Shiawassee. 
Wadeht errarmonuKuine a Sascic sn. eco ees l* Benton Harbors... os sane. Berrien. 
Aikeraf, Arthur ferdinand, e.. 6.0.0 52...62 3. TFANISIN SAS essed an te eee Ingham. 
ADVANCED DEGREES. 

Name. Post Office. County. 
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REPORT OF THE DEAN OF AGRICULTURE. 


To President J. L. Snyder: 

The educational work of the Agricultural division continued through- 
out the year without any marked changes. The graduating class in 
agriculture, horticulture and forestry was the largest in the history of 
the institution including a total of 88 of which number 69 graduated 
in agriculture and horticulture and 14 in forestry. Nine advanced de- 
grees were awarded, viz: 4 M.S., 2 M. Agr., 2 M. For. and 1 M. Hort. 

The enrollment of freshmen has increased gradually during the past 
several years resulting in larger upper classes. This increase demands 
more and more time and effort on the part of the instructors of the 
departments, some of which are greatly in need of assistance particularly 
where laboratory work is offered to freshmen and sophomores. <A spirit 
of good will and satisfaction seemed to pervade students of the division 
generally. 

The following is a statement of the number of students enrolled in 
the Agricultural division during the year, viz: 


Students enrolled during 1912-15 in Agriculture and Forestry. 


Post Graduates. sere Geet Ae tn erate 4 
SSPENTOIN «S55 5 oii. w She euererers BAe eed MeN Dh ee Oe Tae 93 
CURUERTONS ete, oe Vere hones re ee aR ee cae ar cee eee eee, oe 80 
OPO ORMNES IaG.a-dats Sas Core wets elie wena sree ee ee 128 
HPCE M Ce ese aee ee eee Sere eee ae coe eae oh ee 180 
UD e RCNMINICI Gotcia's cll aesla cedces fore Sh iictwtene ace awe aus 6 
SPGCU ALS cian «che esa ons ase ARIE wale as ies ey clatieoets 46 
591 


reneral Agriculture Ist vear, eight weeks........ 180 
General Agriculture 2nd. year, eight weeks...... 63 
Creamery Courses first and second years including 

CHCOSE IMAMOLAIN ie nade Lees etcce pias ree dt ee er ape 43 
POOnry = 8 78 5 aso hie ee ae hel ahs Se ayaa 14 
UBT hove esse cee a, tes ese Mt ieeiel views s ia.ceo en eee oe 18 

318 


During the legislative session of the present year the necessity for 
establishing a two year course in practical agriculture was urged upon 
the institution. As a result the following report was submitted by 
a committee of the faculty and was later adopted by the State Board 
of Agriculture, viz: 

“Recommendations relative to Short Courses for the year 1913-14. 
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“During the college year, now about to close, five short courses were 
offered, viz: General Agriculture, first and second years; Creamery 
Management, first and second years; Cheese Making; Poultry Raising and 
Fruit Growing. These were all eight weeks courses except the second 
year Creamery Management which was six. During the development of 
these courses the process has been a lengthening one, the course in Fruit 
Growing at one time extending over but two weeks. The committee 
recommends that all courses other than general agriculture remain un- 
changed, as to time and general plan, for the present. 

“Your committee also recommends that the course in general agricul- 
ture, for the coming year, be lengthened by the addition of seven weeks 
beginning Monday, November 8rd., 1918. The future may demand still 
further extension but we deem it best not to make a more radical change 
during the first year of the transition. We also recommend that, for 
a time at least, the work of this first term, November 3rd. to December 
19th., be made independent, as far as possible, of the second term until 
the new plan shall have completely replaced the present eight weeks 
course. 

“This would therefore make it possible to readyertise the second 
terms along with the other short courses after registration for the first 
term had taken place. 

“We also recommend that the standard of entrance should not be less 
than completion of the eighth grade or its equivalent, and that the 
nunimum age limit should not be less than seventeen years.” 

The following is an outline of the two year short course now being 
offered including subject designations and time allowed: 


SCHEDULE OF STUDIES FOR TWO-YEAR WINTER COURSE IN 
AGRICULTURE. 


FIRST YDHAR. 


First Term. Hours, 
ive Stock wBreed® Dy pes xo. 55 Js betes hie apeds yo arte seae 70 
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Second Term. 
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SECOND YEAR. 


First Term. 


Advanced Farm Cropsys. <4. os.00the ae Ce eee 35 
Animal Breeds i 30o ets o. Pein hc eae eee 18 
Advanced, Sails, Laboratory .: 3.3.5 ba..e ences 35 
Warn Mangeement os sins 55 Pcie ste ute tens eee 18 
Plant, -DIseasen t25 5 Gr ody as Seavee aa cee ce 18 
BMS cee hinasto xtpuy einen ae pa eee a eee 18 
Meteorology 2% vis ou vanscn isle sles sos cae teense ee 18 
Agricultural,.Deyelopment (3 :<..%. Sc few tte eas 18 


Second Term. 


PRAT YAN whey bate EPR os Dahactices SAO aee Meee Fee 40) 
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During the year the dean of the division has been appointed to rep- 
resent the college in relation to the co-operative work with the United 
States Department of Agriculture pertaining to “investigations rela- 
tive to methods of farm management and agricultural demonstrations” 
which adjustment places the Department of Farm Management within 
the Division of Agriculture of the college. 

During the latter part of the year the agricultural extension work of 
the college was formally organized by the State Board of Agriculture 
upon recommendation of the Agricultural division faculty which sub- 
mitted the following resolutions which were adopted with the excep- 
tion of one section. 

The following resolution relating to organization of agricultural ex- 
tension work was passed on May Ist., 1918, at a joint meeting of the 
Agricultural division faculty and Experiment Station Council, viz: 

“That a department of college extension should be organized for ad- 
ministrative purposes and should be a part of the Agricultural division 
subject to the Dean of Agriculture. 

“That no line of extension work should be done except by members of 
the college department representing that line.” 

The last part of this recommendation is in accord with the generally 
accepted idea that the triple functions of each department should be 
controlled by it, including everything pertaining to education, inves- 
tigation and extension. This plan is desirable in order to enable the 
head of each department to control and direct all three lines of work, 
thereby harmonizing them and establishing perfect co-operation in every 
detail. This plan does not intend that the individual workers of each 
department shall participate in all three lines of work, but rather that 
there shall be specialists in each, though special conditions may demand 
participation by the individual worker in more than one line of effort. 
For purposes of illustration, the head of the Horticultural department 
would control and direct all horticultural work, including college teach- 
ing, experimentation at home and in the field, as well as the horti- 
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cultural extension out in the state. Some of the Horticultural de- 
partment staff might be confined solely to one of these lines of effort, 
others to two, and, in exceptional instances some to all three. 

The Department of Extension, in charge of a superintendent, should 
become sort of a clearing house for the entire extension movement. 
Such an office would be expected to organize and operate lines of work 
not directly connected with individual departments, or where combina- 
tions of the efforts of several departments are involved. The following 
are some of the specific duties for which the Superintendent of Ex- 
tension should be responsible, viz: 

(1) Preparation and supply of uniform forms for weekly reports. 

(2) Collection and compilation of data from all sources for annual 
reports on extension work. 

(3) Supervision of publication of all materials required by indi- 
vidual departments for use in extension work. 

(4) Direction of one-week and all other local farmers’ schools. 

(5) Direction of demonstration trains necessitating speakers and 
exhibits from several departments. In fact, all special forms of demon- 
stration involving more than one department should be included under 
this head. 

(6) The responsibility for fair exhibits should rest here also. 

(7) One of the most important duties of this office should consist 
of modest publicity work, by way of the preparation of material for 
publication informing the public of what is being attempted and the 
various ways in which aid may be procured. 

“Tmmediate pressing needs for the development of agricultural ex- 
tension work in Michigan seems to demand the addition of a few more 
men and the appropriation of more funds with which to extend the 
work. Recommendations with regard to these matters will be embodied 
in an accompanying communication.” 

An account of the extension work of the various departments is in- 
cluded in the individual reports. The following statements relate to 
three lines of extension directed from this office. 

The following statement relates to the work of W. F. Raven, whose 
chief work is that of live stock field agent engaged in the organization 
of co-operative breeders’ associations. In addition, however, Mr. Raven’s 
services are called upon in a variety of ways. During the months of 
July and August Mr. Raven superintended the land clearing operations 
on the station farm at Chatham, Michigan. Sixty-five acres were rough 
burned, logged and reburned and seeded to a mixture of two pounds 

each of the following, viz: June, Mammoth, and Alsike clovers, alfalfa 

and four pounds of timothy per acre, which developed into a perfect 
stand. An additional sixty acres was rough burned and logged and 
piled but could not be burned again on account of exceedingly wet 
weather. 

Mr. Raven acted as superintendent of cattle at the West Michigan 
State Fair, an office involving much work and the exercise of good 
business ability. He also assisted with the dairy cow demonstration 
at the State Fair at Detroit and judged the live stock at the Menominee 
county fair. He also had charge of Lene Michigan exhibit at the National 
Corn Exposition held at Columbia, 8. C., January 18th. to February 20th. 

Mr. Raven has been the means of organizing sixty-six cattle breeders’ 
associations in twenty-nine counties. Hundreds of pure bred sires have 
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been procured as a result and the number of animals annually affected 
by this system of improvement now numbers oyer 25000 head. Six new 
co-operative associations were organized during the year in addition to 
five organizations where the sires are privately owned. 

During the year Mr. Raven visited 408 farms owning 3220 cows, spent 
57 days as local adviser, 55 days as demonstrator and 1538 days in other 
extension work. He delivered 106 lectures, attended three one-week 
schools of agriculture, and directed the three weeks’ trip of the demon- 
iration train over the Duluth, South Shore and Atlantic Railroad in 
the Upper Peninsula. 

During the year Mr. ©. A. Tyler has devoted his energies largely 
to forestry extension work intended to stimulate an interest in the 
preservation and improvement of the Michigan farm woodlot. <A few 
county woodlot improvement associations haye been organized and 
some co-operative experimental plantings made. Mr. Tyler has given 
more or less time to farmers’ institute work, lecturing at one-week 
schools, demonstration trains and a number of other phases of effort as 
well. 

About June Ist. Mr. Leo M. Geismar, extension representative of the 
college for the Upper Peninsula, gave up his work to become county 
agricultural agent for Houghton county. During the year or more Mr. 
Geismar acted as extension worker, he organized a large number of 
corn, potato, alfalfa and fruit growers’ clubs. It is planned to ex- 
tend this work as rapidly as possible. 

R. 8S. SHAW, 
East Lansing, Mich., June 30, 1913. Dean of Agriculture. 


REPORT OF THE DEPARTMENT OF HORTICULTURE AND LAND- 
SCAPE GARDENING. 
To the President: 

Sir--I herewith submit the following report of the Department of 
Horticulture and Landscape Gardening for the year ending June 30, 
1918: 

It is a pleasure to report that no change has occurred in the personnel 
of the department. Where all the members of a department can be 
retained for several years, the work can be made to progress more 
rapidly than where changes are frequent. 

The instruction work has been given during this year as outlined 
in the college catalogue and may be here briefly summarized: 


Fall Term. 


tie No. of Hours per | Number of 
Class. Subject. neninad week each | students 
apo student. enrolled. 
ed 
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BIRR A eet) oeivil sce o Advanced Landscape Gardening................+5- NLD Bins Bites 6 | 6 
Junior and Senior Women...|‘ Landscape Gardening and Floriculture............. [aan nts § 7 27 
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Winter Term. 
No. of Hours per | Number of 
Class Subject. ae week each students 
| : student. enrolled. 
52's a Se s 2 =. es = S = | 
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Spring Term. 
| Hours per | Number of 

Class Subject. Boot week each students 
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llp-hnesby. rok cass chrcisiar. « | Veretable|Gardeningys..g aro tiats. scene cc ioeic «faa 1 a ec | 6 49 
UNIOn Age bess heptane: AN ASCAPEI Gardening aac cis cee aceon reece Oa Sarsen | 7 42 
MEDIOMEARS trainin wens ae woos (eExpermentall Horta. sccniocees center ob ws nei D sd romtatretek 10 40 
SEIOREN OS ante ware a fy. ot ale EININAT S.-W eat Paayeictteee edcfer s avaua sania LOC Seer 1 40 
Senior AIAN rete aceaacoe WN Clyne OMOLODIY Se me ete eo yee acca one aoe LCRA S282 } 6 34 
PSF) 0 VG a a | Ady Handscape:Gardening-= - i. nin ec caeeeen ee PIT Bekah 6 6 
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The courses for sub-freshmen and freshmen are required of all agri- 
cultural students and all courses offered in the junior and senior year 
are optional or elective. 

The greatest need of the department at this time is additional room, 
both in the laboratory and greenhouse. This laboratory was built just 
twenty-five years ago and has never been enlarged; the greenhouses were 
built twenty-one years ago and never enlarged. Any comparison that 
could be made between this equipment and conditions at the college 
at the present time would be unnecessary. An entirely new outfit of 
buildings must be provided very soon if it is desired to maintain the 
work in horticulture at this college in a reasonable relation to its im- 
portance as an industry in Michigan. 

The extension work has grown so much that it is an impossibility 
for the one man to satisfy the demands for profitable meetings and re- 
quests for instruction on better methods of orcharding. The entire 
time of another man for this work is much needed. 

The method of doing this demonstration work has been the same as 
in the preceding years. Neighborhood meetings are arranged and widely 
announced by large posters and notices sent in advance to the local 
newspapers. At the appointed time, the people who are interested meet 
in the orchard selected for the demonstration and after a talk intended 
to explain the reason for doing the work, the way to do it is shown and 
made clear to every person present. These demonstration meetings are 
planned to come at a time when the subject under discussion is timely 
and of the most interest in the community. Where possible, they are 
given in a series, beginning with pruning and ending with packing. 

The short course in fruit growing was very successful. This year it 
was given in six weeks followed by two weeks of work in vegetable and 
truck crop production. A number of the students who were registered 
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for fruit growing remained for the vegetable work and a few new 
students came especially for it, but another year it is planned to make 
the fruit course eight weeks and include the work in vegetables as the 
demand may seem to indicate. 

The “Fruit Show” was held this year as in the past four years in 
January. It has outgrown any space in the Horticultural Laboratory 
and this year, through the courtesy of Dean Shaw, one-half of the pa- 
vilion of the Agricultural Building was used. This show has always 
been arranged and managed by horticultural students and each year 
seems to be more complete and interesting. 

Horticultural meetings and Farmers’ Institutes have been attended by 
members of the department to the usual number. Extensive exhibits 
of objects of horticultural interest were shown at the Michigan State 
Fair at Detroit, the West Michigan State Fair at Grand Rapids and 
the Second Land and Apple Show at Grand Rapids in November. These 
exhibits demand a very large amount of time to prepare, pack and set 
up in addition to the time of an attendant who must be on duty for a 
long day, and the expense is quite heavy but they bring the horticultural 
work of the college to many people. 

It is again a pleasure to report that a spirit of loyalty and co-opera- 
tion among all the members of the department continues to exist and 
that the work of Professor C. P. Halligan, Instructors Thomas Gun- 
son, G. W. Hood, Field Agent O. K. White and Foreman A. H. Davis 
has been very satisfactory. 

Respectfully submitted, 
H. J. EUSTACE, 
Professor of Horticulture. 
East Lansing, Mich., June 30, 1915. 


REPORT OF THE DEPARTMENT OF DAIRY HUSBANDRY. 


President J. L. Snyder: 

The following is submitted as the report of the Department of Dairy 
Husbandry for the college year just closed: 

The volume of work cared for during the past year is considerably 
ereater than that of any of its predecessors. An abbreviated statement 
of the subjects taught, and the numbers enrolled in each follows. 


REGULAR COLLEGE COURSES. 
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SPECIAL WINTER COURSES. 
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In Animal Husbandry I, II and V this department did only the 
work relating to dairy cattle. 

During the early part of the fall term a judging team was made 
ready for the National Dairy Show. The preliminary training was 
given to about a dozen men. From this number three were chosen to 
compete in the name of this college at the contest. They were, L. 
J. Reed, G. E. Piper, J. H. Hamilton. Thirteen other states entered 
teams. As a team our men took sixth place. In the individual winnings 
L. J. Reed was awarded the scholarship offered by the American Jersey 
Cattle Club for best work in judging the Jersey classes. 

At the beginning of this vear we made a strenuous effort to pur- 
chase enough raw material to adequately provide for the several classes 
in Dairy Manufactures, and at the same time to so apportion those ma- 
terials as to manufactured products and markets that sufficient revenue 
should be derived from materials sold to cover all expenses for the 
same. With the conditions under which our men have been obliged 
to work in the old building we feel reasonably well satisfied with the 
progress made in this direction. Upon the completion of the commodi- 
ous and well appointed building now under erection we hope to be able 
to place our entire scheme of Dairy Manufactures upon a more per- 
manent and stable foundation. 

In all that has been attempted we have had the earnest co-operation 
and faithful support of C. E. Newlander, H. E. Dennison, and O. A. 
Jamison as regular instructors, and of Simon Hagedorn and Charles 
H. Dear during the special winter courses. 

Respectfully submitted, 
A. C. ANDERSON, 
Professor of Dairy Husbandry. 
East Lansing, Mich., June 30, 1913. 


REPORT OF THE DEPARTMENT OF ANIMAL HUSBANDRY. 


To the President, Michigan Agricultural College: 

Dear Sir—I have the honor to submit herewith the report of the De- 
partment of Animal Husbandry for the year ending June 30, 1913. 

During the Fall Term, 1912, instruction was given to 204 freshmen 
in Animal Husbandry I. This class was divided into two sections 
which we had hoped to further divide for the practical work in the 
pavilion, but owing to the increased correspondence and personal at- 
tention required by the live stock equipment it was impossible for 
both members of the department to devote their time to this work. 

In Animal Husbandry II, 48 junior agricultural students were en- 
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rolled. In Animal Husbandry V, optional with seniors, 28 men were in- 
structed. 

According to faculty ruling, all required technical work must be 
given in the afternoon making it necessary to instruct both of the 
above classes at the same hour. This arrangement makes it difficult to 
give the upper classmen the grade of work they should receive, as it 
is impossible to divide either of these classes or have more than one 
instructor with them. In justice to the students one of these classes, 
preferably the junior class, should be scheduled for the last two periods 
in the forenoon. 

During the first eight weeks of the winter term the twenty seniors 
enrolled in Animal Husbandry VI were instructed by Prof. Norton, 
who rendered valuable assistance during the Short Course. Better 
facilities are urgently needed for this work. The building at present 
in use would, with a few needed improvements, serve very well as an 
abattoir, but as a laboratory for meat cutting it is not large enough, 
nor could facilities for handling and holding meat until the classes 
have made a study of it, be provided. Abundant space for the proper 
carrying on of this work was provided for in the new Agricultural 
Building, but has not been equipped. 

The real test of a good meat animal is its ability to produce a good 
carcass, and until facilities are provided that will permit the classes 
to judge the carcasses on the hooks and later on the block as well as 
on foot, the work will be under a serious handicap. 

The 180 men enrolled in the first vear short course work displayed a 
lively interest in the work, but, as with the freshmen class, the sec- 
tions are too Jarge. Sixty-three men were back for the second year 
work. More time should be given this class for judging work, as 52 
hours is not sufficient time for the judging of beef cattle, dairy cattle, 
horses, sheep and swine. 

With only two men in the department the instruction work re- 
quires so much time that it is impossible to properly supervise experi- 
mental work, for which there is urgent need. 

Another serious handicap is the lack of storage room for grain, mak- 
ing it necessary to buy feed in small amounts throughout the year, 
which materially increases the cost of maintaining the live stock equip- 
ment. 

In September, 1912, an exhibit of live stock was made at the Cadillac 
and Traverse City fairs. At both fairs a lively interest was displayed 
by the farmers visiting the exhibit, who went away enthused with the 
idea of raising more and better liye stock. 

During the past year Mr. D. A. Spencer has rendered valuable as- 
sistance. 

Respectfully submitted, 
GEO. A. BROWN, 
Instructor in Charge. 
ast Lansing, Mich., June 30, 1915. 
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REPORT OF THE DEPARTMENT OF SOILS. 


President J. L. Snyder: 

Dear Sir—The college year just closed has brought no unusual ex- 
periences to the Soils department to report. The enrollments in classes 
were larger than in any previous year, as would be expected from the 
healthy growth of the institution. Instruction has been given to over 
seven hundred and twenty-five students. 

IL reported a year ago that the installment of equipment for the 
teaching of soils is a matter of development and hence rather slow. 
I am glad to report that it has been possible during the year to in- 
crease our equipment very materially, and hence to do more for our 
students in the way of laboratory instruction. At the same time we 
have been enlarging and improving our courses and our methods of 
instruction. 

The most serious difficulty in giving instruction has resulted from a 
lack of help. It has been necessary at times for one teacher to at- 
tempt to direct as many as forty-five men in the laboratory. Under 
such a condition it is very difficult indeed, to get desirable results. 
During the winter term Mr. E. I. Holmes was employed to assist in 
laboratory work. Mr. Holmes’ services were very acceptable and made 
it possible to materially increase the efficiency of our laboratory work. 
The additional help provided for by recent action of the Board should 
further improve conditions in this direction. 

On June 5, 6 and 7 thirty-one members of the class in Farm Manage- 
ment (Soils 3a) visited a number of typical Michigan farms to make a 
study of methods. This proved the most profitable trip yet made by 
members of the Farm Management class. Thanks are due the man- 
agers and owners of these farms, not only for the time given in de- 
scribing the operation and equipment of their farms, but also for the 
hospitality extended. The information obtained on this trip and the 
opportunities given for comparison and criticism were greatly appre- 
ciated by the students making the trip. 

The amount of extension work done this year by the department is 
perhaps under that of previous years, chiefly because of the increasing 
amount of work of the department. Numerous requests for help have 
been “turned down” because it was impossible to meet them. The head 
of the department has given something over thirty days actual time 
to extension work, while Mr. Spurway has given more than half that 
amount of time to such work. 

Very respectfully, 
JOS. A. JEFFERY, 
Professor of Soils and Soil Physics. 
East Lansing, Mich., June 30, 1913. 
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REPORT OF THE DEPARTMENT OF FARM CROPS. 


President J. L. Snyder: 

Dear Sir—lI wish to submit the following report of the Department of 
Farm Crops for the year ending June 30th, 1913: 

The several courses offered by the department have been given prac- 
tically as outlined in the catalogue, but these have been somewhat 
modified and strengthened from year to year. It is desired to place 
the instruction of the department on as definite a pedagogical basis 
as possible and to make the instruction as practical as possible. Some 
additional equipment and a Jarge number of charts and illustrations 
have been acquired. 

The number of students to whom instruction was given in the sey- 
eral courses was as follows: 


Rarm Crops..l. Wreshmensy jou. in ist: a sbiababerga YA cave i SST 
Farm Crops Tf. -SophOmoOnLes psi. d<siinatetee cee 150 
Harn OPODS, JEL; & SOnIOPS foi. Glul ce Rape ee eee 15 
arm. Grops, LV i eniwns pecan cag. pilaeteh ieee 18 
Parm Crepes Va Seniors yi ifs Oa, aoe! s Blan ete 27 
First @) €ary SUGEs COMESG. rd. Boe coin ow ee craven. 180 
second, Year: Short. Course, 2....1s:6 sae aete 64 

be) 2: Ree ngewe ME CSIP Re Por ire Sosai 651 


Mr. C. L. Coffeen has had charge of the freshman and sophomore 
classes and has assisted in the laboratory work of Farm Crops ITI, 
and the second year Short Course classes. Mr. F. A. Spragg has had 
charge of Farm Crops V. I have had charge of the remaining classes. 
Mr. M. A. Russell and A. T. Sackrider acted as student assistants in 
the laboratory work of the second year Short Course classes. 


EXTENSION WORK. 


The department has continued the distribution of the pure strains 
of the more important crops developed by Mr. Spragg. This work has 
also included the testing of several commercial varieties of corn and 
a few beans and oats which have seemed especially promising. The 
number of co-operators and the number of lots of each crop are given 
below: 


No. Cooperators. No. Lots of Seed. 

ata he ac Fes ce oe Ps PO ae 5 25 
BOCAS: wel vas aun a @ rl aloes 8 25 

SOY  DEANHs. cnc iite 4 ere eee OT oT 
OOP. 554i ees che Ok eee 104 157 
Barley. ove. ¢0oh lo een eas 3 5 
StS fo oc eet ae ap 64 
WY GRE in .Jc ce eben aie rreeoaae ee 29 54 

rr ee Wiehe eee chet hg ots 9 22 
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Eight co-operative fertilizer experiments are being conducted. Sey- 
eral co-operators are engaged in the breeding of crops, conducting green 
manure tests, and other experiments. This work is being carried on 
principally with the members of the Michigan Experiment Association 
and the Short Course students. It is gratifying that on the whole the 
seeds developed on the Experiment Station have given better results 
than the seeds from other sources. 

The other lines of extension work have been carried on much the 
same as in previous years.. The total number of alfalfa clubs formed in 
the Lower Peninsula to date is 115. All the new clubs have been 
visited by the field agent or other representatives of the department 
with the exception of a few organized just at the close of the fiscal year. 
The field agent attended 21 institutes, spent 26 days in a crop im- 
provement campaign and several weeks in looking after co-operative ex- 
perimental work. Various members of the department have acted as 
judges at 17 corn shows, assisted in 4 county alfalfa campaigns, 
made exhibits at 3 Michigan fairs and the National Corn Exposition, 
delivered lectures at one week courses in agriculture, and met’ 
about 30 engagements with granges, farmers’ clubs, experiment asso- 
ciations, etc., outside of the regular work of the field agent. Some 
time has also been spent in studying crop conditions and securing 
further data in regard to the culture of Michigan crops. 

Most of the alfalfa extension work as well as a considerable portion 
of the other extension work of the department has been very efficiently 
handled by the field agent, Mr. A. R. Potts. 


Respectfully submitted, 
V. M. SHOESMITH, 
Professor of Farm Crops. 
Fast Lansing, Mich., June 30, 1915. 


REPORT OF THE DEPARTMENT OF POULTRY HUSBANDRY. 


President J. L. Snyder: 

Sir—I have the honor to submit the following report of the Depart- 
ment of Poultry Husbandry for the year ending June 30th, 19138. 

The policy of the department has been to outline work of such na- 
ture that the students taking courses in Poultry Husbandry would do 
as much research and practical work as possible which, combined with 
the series of lectures, would enable them to better conduct this branch 
of farm management in their own interests or to assume commercial 
obligations for others. 

Seven agricultural students completed the senior work for the fall 
and winter terms and six completed the spring term; forty-five students 
attended the series of lectures for juniors in the spring term and 
twenty took the special eight weeks Short Course in Poultry Husbandry. 

From February 10th to 15th inclusive, a Poultry Week was held at 
the college during which a very excellent program was carried out as 
follows: 
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MONDAY. 
Evening— 
Meeting of M. A. C. Poultry Association, Agricultural Building. 
Hearty welcome extended to visitors. 
Good program along poultry lines. 


TUESDAY. 
Morning— 
WY, BICOMIMG. Fen fae a6 oa wpatnh ihepetede thet coma eae .Pres. J. L. Snyder 
“Poultry work at Michigan Agricultural College,”..... J. O. Linton 
PEOULIEY sh COU? seta smi. ot ee bad Tas Die shiek hy soe Ra 
Prof. W. R. Graham, Ontario Agr icultural College, Guelph, Ont. 
“My Own Experience in Poultry Raising,” on ei ae 
ee eee I. A. Freeman, A. P. A. Lecture Bureau, Fenton, Mich. 
Afternoon— 
“Tmportance of Constitutional Vigor in Building up and Improving 
Pe HC. So aie Mr. Chas. J. Maywood, Hastings, Michigan 


“Feeding for Egg Production.” 


Evening— 


Prntertainmenity leas See eee ete A Ae, SS eee eee Selected 
“Some Cold Facts and Other ‘actors Regarding the Improvement 
of tthe ‘Parmn (Waar te Hon akicmisced ekeerct at see ate ata al nana : 


J. I. Waggoner, Mason, Mich., Sec. Mich. Poultry, Butter and 
Egg Shippers’ Assn. 


WEDNESDAY. 


Morning— 
EP OULEPY. SEROUSET Cros oo cide 2! sian. Ss Meee ee chet ae Geek J. O. Linton 
SPOUMry BYecuin ey 002s Serr Ok A AY s Le ate aee Sauer Prof. Graham 


“Commercial Poultry Raising as We Find it Today, .. I, A. Freeman 


Afternoon— 
“How to Read the Poultry Press,” .C. E. Walter, Kalamazoo, Mich. 
“Poultry Pleasures of the Farmer’ 5 Wife, ere I Te 
Sse Aiki canc aw aneieaee «ai areee rae Mrs. ‘p. J. Creyts, Lansing, Michigan. 


Evening— 
“Relation of Weather to Poultry Interests,”........... Shinn tte 


.D. A. Seeley, U. S. Weather Bureau, East Lansing, Michigan 
SIE a OT EL ihr esa! dye nd onde onan SabBe gave et secre state tebe Prof. G1 -aham 


Morning— 


“Pouliry Parasites? 7. city sphere aster gauert ii btereey ons J. O. Linton 
“General ‘Gare of Pomlir ys coe. frwet wd ods wie esta ae Prof. Graham 
“The Importance of Better Organization of Michigan Poultry Cul- 

UHC, ig ead ated e ROAST ee arene Shyer eie I. A. Freeman 


Aftermoon— 
MRGAHSOTS LOM. SUQGCNA <5): hws cee sk Be aes cae eee Cc. J. Burkman 
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Evening— : 
IBA MOM ED wscre ioe pUbew rin cok Ems Ura in soda ees Sala Wee ats Higgs Cafe 
PRIDAY 
Morning— 
SP AUCH Ladle CEMA Vins vials sveiar sii ot Rey al Pah er to nar Rs, Sk gies oD Karl Hemmingway 
Srenen ah eM cia COM OM 2) os iy kh as ayrgtabe sl suas ste s aParttel hd) als, « Prof. Graham 
ORME VAL PESCASEG. 7 yb Gl wedi lds igix wis taux als Patera» & 4 Doctor Ward Giltner 
Afternoon— 


“Chalk Talk—Standard PUVA ROS cae «cue os ie. 8 «ane «\ ok nvvnat ire a eee 
Franklane L. Sewell, Artist for American Poultry Association 


“Poultry in the Schools,” SCRA Oe Prof. W. H. French, M. A. C. 
EKvening— 
SAEPOOTESS SOL ae VY VAMCLOULCS a. lle s.- eevee ee voles oes sleet F. L. Sewell 


Also a series of poultry lectures was given the 160 general Short 
Course students. 

The Poultry Show was the biggest and best ever held at the college, 
there being more than five hundred birds in competition all owned by ex- 
hibitors outside of the college department. Judges Tucker and Wise 
were very willing to help the students by suggestions and information 
regarding types of birds and the judging. The show was attended by 
large crowds each day and evening. 

The Battle Creek Poultry Association was very generous in the loan 
of their new uniform wire cooping which showed the exhibits to ex- 

cellent advantage. 
A fine banquet, well attended by the fanciers, their wives and friends, 
was served at Higgs Cafe. Thursday evening. 

During the year the department was represented in seventeen Mich- 
igan cities and towns where twenty-six lectures were given to audiences 
averaging one hundred to the meeting. Besides these the department 
was also. represented on a special Avricultural Demonstration Train 
over the D. S. S. & A. R. R., in Upper Michigan where lectures were 
given to about 12,000 people and a fine exhibit was carried in one 
coach for demonstration. 

Ten poultry shows and fairs were visited, five of which were judged 
by department representatives. 

In December several students and the denartment head attended the 
Ontario Provincial Winter Fair in Guelph, Canada, and visited the 
Ontario Agricultural College where many suggestions were secured and 
information gathered regarding poultry work. 

It has been a pleasure to co-operate with the Michigan Poultry, But- 
ter and Egg Shippers’ Association, the State Branch of the American 
Poultry Association and the Michigan State Poultry Breeders’ Asso- 
ciation, to which later organization the writer was elected Vice Presi- 
dent for the ensuing year. 

The department was also honored by representation for talk regard- 
ing use of milk for poultry feeding, at the meeting of the State Dairy 
and Creamerymen’s Ass’n. in Saginaw. 

A small amount of institute work was done in co-operation with 
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Supt. L. R. Taft and several trips for investigation and suggestion 
were made to various parts of the state. 

In connection with the Bacteriological department there has been con- 
siderable work done toward the diagnosing and treating of poultry dis- 
eases, much of which has proved very beneficial to state patrons. 

The students taking work made several trips to commercial poultry 
plants and the department is greatly indebted to the owners of local 
and near by plants for their kindness and co-operation in its behalf. 

Mr. Lewis Fuller of East Lansing very ably conducted the Short 
Course teaching in January and February for which he deserves much 
credit. 

Messrs. C. C. Ingham and R. Wiggins have been faithful to the de- 
partment in caring for the work at the college poultry farm and through 
their efforts the plant is in excellent condition for good results during 
the coming season. 

The demands for information and help along poultry lines, especially 
dealing with lecture and extension work are continually increasing and 
numbers of calls have been refused because of a lack of sufficient staff 
in the department. 

Very truly yours, 
J. O. LINTON. 
Instructor in Poultry Husbandry in Charge. 
Bast Lansing, Mich., June 30, 1913. 


REPORT OF THE DEPARTMENT OF FARM MECHANICS. 


President J. L. Snyder: 

Dear Sir—I have the honor to submit the report of the Department 
of Farm Mechanics for the year 1912-18: 

I am indebted to Mr. Watt and Mr. Fogle of the regular instructional 
force for their interest in improving the work of the department and 
in the standard of work required in the shops. I should also like to 
take this opportunity to express appreciation of the work of Mr. Hough- 
talling and Mr. Filkins who assisted in the laboratory work given in 
the Short Courses. 

Besides the two courses in shop, three courses of instruction are being 
offered by the department. This year the course in Farm Construc- 
tion was offered for the second time. The course was outlined to 
familiarize the student with the simpler types of construction and equip- 
ment such as gates, fences, water tanks, and other small construction, 
as well as the plans and requirements of the larger farm structures. 
Building materials and their uses were discussed. Laboratory work con- 
sisted of drawing, and work in the cement laboratory. Altogether this 
work has proven of interest and value to the student and seems well 
worth a place in the curriculum. Along this same line the department 
has been called upon to answer many inquiries relating to building con- 
struction and to design a few structures where the nature of the case 
seemed to demand it. This latter phase of the work is deserving of more 
time and careful attention than we have been able to give in some cases. 
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The increasing use of mechanical power on the farm has made the 
course in Power Machinery of interest. Mention is due of manufac- 
{turers of power machinery who have loaned to the department, un- 
conditionally, apparatus for demonstration and instructional purposes. 
Through their support we have been able to carry on the laboratory 
work without great outlay for equipment, much of which would soon 
become obsolete from a practical standpoint if purchased and installed 
permanently. 

The work in Farm Machinery has been strengthened very materially 
by separating it from the course in Power Machinery. The depart- 
ment now has a fairly representative exhibition of seeding, tillage, and 
harvesting machines which have been loaned to the department. Through 
the courtesy of the Farm Superintendent a number of field trials were 
made with implements in use at the spring season. One deterrent to 
practical instruction in this work lies in the fact that much of the 
machinery cannot be operated under field conditions. Future efforts 
of the department should be extended in the direction of more ex- 
tensive use and tests of the machines in the field. 

During the year considerable thought has been given to problems 
needing experimental investigation. There is also much information 
which should be collected and classified and put into form accessible 
by those to whom it will be especially useful. Among many practical 
problems needing investigation may be named: farm water supply 
and sewage disposal, the silo, cold storage, farm lighting, data on 
barns and ventilation, uses of cement, power requirements of farm 
machinery, application of mechanical power to field operations, designs 
of typical farm structures, power for domestic uses, drain tile, and 
irrigation. Many of these problems can best be worked out in co-op- 
eration with the other departments of the college. 


Respectfully submitted, 
H. H. MUSSELMAN, 


Instructor in Farm Mechanics in Charge. 
East Lansing, Mich., June 30, 1913. 


REPORT OF DEPARTMENT OF FORESTRY. 


Dr. J. L. Snyder, Michigan Agricultural College: 

Dear Sir—I have the honor to submit the following report for the 
Department of Forestry. 

The work of the year has been somewhat broken owing to the ab- 
sence from the department for a portion of the time, of Professor J. 
Fred Baker who is studying European Forestry on leave for eighteen 
months and also from the leave of absence granted to Instructor W. 
Irving Gilson for the last six months of the year. During the absence 
of the above mentioned members of the force, the teaching work was 
handled by Instructor 8S. V. Klem, newly elected at the beginning of 
the spring term, and the writer. The schedule of instruction with 
hours, number of students enrolled and courses follows herewith : 
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| 

} No. hours 

No. of 
Subject. No. of Class students per week In charge of. 
course. for each 
enrolled. eta 

Forest Technology... 2p aos% suka bb am ices ata Forestry 9....| Senior...... 16 10 | J. F. Baker. 
SUIVICUItUTE? nt. cok os eae ce ee Forestry 5a..| Junior..... 12 6 | F. H. Sanford. 
Menrurationt:<.. 2), otaroe baer ae ee eee Forestry 3.a..| Junior..... 12 4 | F. H. Sanford. 
MM DENING | tone ohne Basha ins meee teen | Forestry 10...| Senior...... 16 3 | W.I. Gilson. 
MOPEREILIAW CSc ccicwccas rane rhc ror an oct ene: Forestry 11...} Senior..... 16 2 | W.1. Gilson. 
Ove PrOGUGH = «oes — 5s aetiee nas oe PAe akan | Forestry 12...} Senior. .... | 14 3 | J. F. Baker. 
HEMIMNSL A, cose as aioe ee eaten de nea ae | Forestry 14...| Senior.....| 14 5 | J. F. Baker. 
Wandralogyern «a acs ee teak es eee tae | Forestry 2... Sophomore 24 3 | F. H. Sanford. 
Forest ‘Protection’. §.. tert 4 thas see tee sade Forestry 6....| Junior..... 22 6 | F. H. Sanford. 
Rarest Protection... (5 s<enesas api on tiraeeene | Forestry 13...| Seniors..... 14 3 | I. H. Sanford. 
Shor’ Course sn cic cee eee se eee Dera eee ere | Mica ee ee Nee ae 1 week | F. H. Sanford. 
Korest 'Managenient:.; oe Mo. hots cet ences x Forestry 13...} Seniors..... 14 4 | W. 1. Gilson. 
Forest Physiography.................-..0000%- Forestry 7....| Junior..... 22 2 | W.1. Gilson. 

| 
Men OlOey « tecihic bi ss ehyasan'e oot totale os a os. « Forestry 2 a..| Sophomore..| 15 | 8 | F.H. Sanford. 
SULVICWIGUIO: < terre toons see i atch rote eee Forestry 5 b..|} Junior..... | 12 | 6 | F. H. Sanford. 
Horest Investigations: ). 5... .c8esesseaes crease Forestry 16...} Senior...... } 15 | 10 F. H. Sanford. 
MOTEHG WOrKING EISNH. ae secs. ete cccbrce ce aes Forestry 15...| Senior...... 16 5 | S. V. Klem. 
enest Geoprapliy syns Ss ree eee Forestry 8....| Junior..... | 12 | 2/58. V. Klem. 
Introduction to Forestry ovaveene pean ete. Revie ditieate Morestey al; set tee Sos toes 155 | 6 | S. V. Klem. 

| ' 


During the spring term of the year 1913, special student assistance 
was given, in the handling of the large laboratory sections of sophomore 
Dendrology and agricultural freshman Forestry, by M. Westveld, R. S. 
Kroodsma, P. B. Haines and J. S. Johnson, w hose work was especially 
helpful in the management of the great number of men working out of 
doors. 

Fourteen members of the senior class in Forestry were graduated at 
the Commencement on June 24th. 

The 1918 summer school arrangements were completed and_ the 
site granted by the R. Hanson & Sons lumber company of Grayling, 
Michigan. The Summer Camp was located on the holdings of this com- 
pany in Cheboygan county and it is with great pleasure that I acknowl- 
edge the courtesy and cordial treatment accorded the school by all the 
members of the company. The corps of instructors with courses given 
by each and special lecturers are as follows 


MGnSUPALIONY 3 seter-< ec ee kor G muerte ».. WV. Klem. 
Engineering......... ST oes Oe W. B. Wendt. 
Entomology..... Biwhetesh eer oe = St nated .. Dr. G.-D. Shafer. 
Freld, Methods; 2 ..<5 i520 s.% oe Sete ners W. I. Gilson. 
SUL PACMIbUNE 15: ee. ctl awe ele eee ice HO. /H. oSantord 
Special lectures: 

Bird: Lihesy sie neck eee 3 Prof. W. B. Barrows. 
Soil. FP OLrmanom yas ses tee ok eae Mr. R. ©. Allen. 
Camp Sanitation and Emergencies. .... : Ta ,S 

des, Sia Shtrrt oes a Ney Rept es eee Des: M. Nottingham. 


The summer term opened June 23rd and closed August 9th. The 
work was marked by a splendid spirit of co-operation and goodwill 
among both teachers and students, which made the work especially 
pleasant and profitable to all. 

Batension.—Aside from the schedule of regular class work, consider- 
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able time was spent by the teaching force in extension work of various 
kinds in different parts of the state where aid was asked regarding the 
establishment of plantations, windbreaks and shelter belts and other 
phases of forestry and woodlot work. Special investigation of wood- 
lot conditions in three townships of the state was carried on during the 
summer of 1912 by the writer with the aid of two senior assistants, 
viz: M. Westveld and R. 8S. Kroodsma whose conscientious efforts 
deserve special mention. 

Nursery Operations——The Forest Nursery maintained by the depart- 
ment has been handled with the same attention and care as formerly 
reported. The financial standing of the work is as follows: 


Estimated value of stock on hand......... $4,639.28 
Total receipts from, stock, 1913............ 712.62 
Number of coniferous seedlings and trans- 

plants sent out for planting............ 62,591 
Number of hardwood seedlings and trans- 

plants sent out for planting............ 0,202 

atal S60 Ck: SHMIIO so, ots pes nine csc, ace, 6, 348° 97,865 


For the encouragement of rural school planting and as a means to 
assist in raising the interest among the children of the rural schools of 
Michigan, 1137 trees of different sizes, were gratuitously distributed for 
this purpose. 

I wish to add a word of high commendation to the capable work of 
the following who compose the personnel of the department: Instructor 
S. V. Klem, Instructor W. I. Gilson, Miss Nellie Strudley, clerk, and 
Mr. C. B. Baker, nursery foreman. Their loyal co-operation has made 
it possible to report the close of a strenuous but successful year. 

Babe SAN BORD: 
Acting Professor of Forestry. 
East Lansing, Mich., June 30, 1913. 


REPORT OF THE DEPARTMENT OF AGRICULTURAL 
EDUCATION. 


To the President: 

Dear Sir—I herewith submit a brief report of my labors during the 
collegiate year ending June 24th: 

1. I have taught the pedagogical subjects leading to teachers’ cer- 
tificates 10 both the men and the women. [ have had thirty-five women 
and seventy men in class. Nearly all the women have secured po- 
sitions to teach for next year, and twenty of the men who were grad- 
uated in agriculture have secured positions to teach agriculiure during 
the ensuing year. Several others of the men have secured supervising 
positions. I have taught fifteen hours each week during the year. 

2. During the past year we have had twenty high schools giving 
courses in agriculture taught by graduates of this institution. To 
this number owe shall add ten new schools the ensuing year, making 
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thirty in all. The course of study for the high school is a four unit 
course, parallel to the course in science. It is an elective in the high 
school, and we find that from ten to fifty per cent of the boys in the 
high school elect the agricultural course. The largest number of 
students in agriculture we have at Hillsdale. It is not too much to 
say that the effect of introducing the agricultural courses is more far- 
reaching than simply the teaching of agriculture. We find that it has 
an inspiring and a steadying effect upon all of the work in the high 
school; and on the practical side we find that it is turning hundreds 
of young men toward agriculture who, when they entered the high 
school, had no intention of pursuing that vocation. This is one of 
the most valuable features of the agricultural instruction. 

5. In connection with the high schools, we organized during the 
vear for week short courses for the farmers of the communities. We 
had eighteen schools of that kind, or eighteen weeks’ work. The in- 
struction was given by Mr. Nye, Mr. Raven, Mr. Tyler, Mr. Brody of 
Three Rivers, and several other members of the local faculty. This form 
of work has given great satisfaction to the farmers, and is of immense 
value to the local high school. The number of farmers attending in 
these schools ranged from the smallest at twenty, to the largest number 
at one hundred and fifty. The average number attending would be 
about seventy-five. 

4. During the spring we have begun the organization of boys’ and 
girls’ clubs in connection with rural schools. This is a new departure 
and we have tried only to begin the organization. We have thirty 
such clubs well organized, with the boys and girls working at projects 
on which they will make reports next fall. We have published a pam- 
phlet of instructions and projects which has been distributed through 
the several counties of the state. We seek in this work to make it a 
back ground for agricultural instruction in the rural schools. 

5. The College Extension Reading Course has been reasonably suc- 
cessful during the year. We have had about one hundred actual read- 
ers. The press of work in other lines has prevented our giving special 
and proper attention to this phase of extension work. I consider it 
important, and hope that in the future we may be able to give it 
more attention. 

6. My assistant, Mr. Nye, has been employed in visiting and super- 
vising the work done in the high schools, with the organization of 
boys’ and girls’ clubs, and as instructor in the farmers’ short courses 
and institute work. Mr. Nye has shown himself to be a valuable as- 
sistant. Tis work has been exceedingly satisfactory to the people 
with whom he has labored and to myself. I regret very much that 
we are unable to retain him for another year. 

7. Publications. During the past year we have published a bulletin 
report of twenty-four pages, on agriculture in secondary schools. In 
this we outlined very carefully the work that had been done during the 
year, and illustrated the same with cuts showing the work of the differ- 
ent classes. This publication was furnished to all the high schools of 
the state, and several hundred copies haye been sent outside of the 

state on request. 

_ The next publication was Bulletin 44, consisting of an outline for 
agricultural work in rural schools, followed by a series of simple ex- 
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periments and demonstrations both for indoor work and outdoor work, 
in order that the teachers in the rural schools might haye something 
definite to present to the children. We prepared this bulletin at the 
request of Hon. L. L. Wright, State Superintendent, and the same was 
published by his department and distributed to all the rural schools 
of the state. We have had many complimentary letters from rural 
teachers and county commissioners concerning this bulletin. We may 
say that in practically all of the rural schools “of the state something of 
the elements of agriculture has been taught during the past year. In 
many of the schools good use has been made of ‘the elementary text 
book in the 7th and 8th grades. The aim of this instruction is mainly 
to interest children in agricultural work, and to teach them a respect 
for the business of their fathers. 

A third bulletin, Bulletin No. 10, was prepared, dealing with the 
organization and development of boys’ and girls’ clubs, under the gen- 
eral title “Junior Agricultural Association of Michigan.” 

8. In addition to visiting the high schools where agriculture is taught 
I have visited some fifty other schools and conferred with the superin- 
tendenis and boards of education in regard to introducing agriculture 
into the high school courses. We have. also been called upon to give 
addresses before other high schools on the subject of agricultural edu- 
cation. My assistant, Mr. Nye, has helped me very materially in this 
matter of visitation. 

9. I have conducted or assisted in ten different teachers’ institutes 
in the state during the vear. This gave me an excellent opportunity 
to present the subject of both elementary and secondary agriculture be- 
fore considerable bodies of teachers. The discussions were mainly along 
the line of elementary agriculture, and I feel that this work gives me a 
special opportunity to keep in touch with both the rural schools and 
the high schools. 

10. The registration and location of teachers prepared in this in- 
stitution requires considerable time and a very large amount of cor- 
respondence. We had thirty graduates from the Home Economics course, 
nearly every one of whom desired to teach, and we have already se- 
eured places for all but eight. Many of the young women do not care 
to teach domestic science and art, but prefer other high school positions. 
As stated before in this report, twenty men have accepted places to 
teach. Two of these young men, Mr. Cowing and Mr. Hamilton, go to 
Minnesota; Mr. McDonald goes to Syracuse University; Mr. Smith and 
Mr. Sayre have accepted positions as teachers in the Philippines, and 
the rest of the young men will be employed in Michigan. 

11. On April 25th the State Association for the Advancement of 
Agricultural Teaching met in room 109 of the Agricultural Building. 
This twas the largest meeting yet held by this Society. The purpose 
of the meeting was to give an opportunity to the men teaching agricul- 
ture to get together and discuss their special problems, and also to 
present some of the larger problems yet to be solved in connection with 
the subject of agricultural education. We were very fortunate in se- 
curing Professor K. L. Hatch, of the University of Wisconsin, for an 
address on the subject of agricultural education. The attendance at 
this meeting included a large number of village and city superintendents 
as well as the teachers of agriculture and the members of our class 
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in agricultural pedagogy, who were preparing to teach. Delegates were 
elected to the National Society for the Advancement of Agricultural 
Teaching, which will meet in Washington, next November. 

12. Mr. Robert Loree had charge of the employment agency for the 
students during the fall and winter terms, and on his resignation at 
ihe opening of the spring term the committee in charge, consisting of 
Professor F. S. Kedzie and myself, selected Mr. F. Be Post, a junior, 
to have charge of this work. Mr. Loree had been exceedingly faithful 
and successful in providing remunerative work for students, and Mr. 
Post, through his energy and activity very largely increased the scope 
of the work. Something over two hundred students have been assisted 
in this way during the collegiate vear just past. All this was done 
at very small expense to the college, and we are sure that it was a 
very satisfactory work for the student body. 

It is not proper here to make comparisons with similar work done in 
other states, but I believe that we are well abreast of the times in 
the matter of secondary agriculture, and that our plan of work is 
the proper one to pursue. The State of Michigan does not give any 
subsidy, or state aid, to high schools teaching industrial courses, and 
for this reason the work will progress slowly. Other states are giving 
heavy subsidies for such work, with the result that there is a large 
demand for instructors and supervisors. Many of the men who have 
graduated here have gone to other states, as we have indicated, to enter 
upon this phase of agricultural instruction. But notwithstanding the 
fact that we have no state aid our people have been very cordial in 
their support, and the work has gone forward as rapidly as it ought 
for the best safety and benefit. Vocational instruction will be yaluable 
if it is done sanely and conservatively. 

Respectfully submitted, 
WALTER H. FRENCH, 
Professor of Agricultural Education. 
East Lansing, Mich., June 30, 1913. 


REPORT OF THE DEPARTMENT OF FARM MANAGEMENT 
FIELD-STUDIES AND DEMONSTRATIONS. 


President J. L. Snyder: 

Dear Sir—In submitting the initial report of the Department of 
Farm Management Field-Studies and Demonstrations, it seems advisable 
to include a brief outline of the plans of organization. The activities 
of the department are co-operatively conducted by the college and the 
United States Department of Agriculture. In the development and 
execution of the plans, these institutions have deemed it advisable to 
have a state leader, district supervisors and county agriculturists. 

The state leader, employed by both institutions and a representative 
of both, has general supervision of the work. I assumed my duties 
in the department October 28, 1912. The two principal phases of 
the work are: (1) farm-management investigations; and (2) agricul- 
tural extension activities with the county as the unit of organization 
and administration. In the phase of the work first mentioned, em- 
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phasis is placed upon the study of the farm as a unit and its inter- 
relation with the community in the agricultural development of both. 
In developing the plans for the second phase of the work, an effort 
was made to become acquainted with the extension methods and ac- 
tivities of the college and the United States Department of Agriculture 
with a view to correlating the work of this department with that of 
the other departments of the college and the Government. 

The state has been divided into districts, comprising ten to twelve 
counties, and district supervisors have been appointed in three dis- 
tricts. They are as follows: 


District. Supervisor. Date of Beginning Work. 
North Western M. J. Thompson* April 1 1912: 
North Western J. F. Zimmer June 2, 1913. 
South Central H. F. Williams Sept. 26, 1912. 
North Central GC. (P. Reed Nov. 1, 1912: 


The functions of the district supervisors are chiefly of an investiga- 
tional character, such as studies in the cost of production of crops, 
animals, and animal products; making farm surveys to determine the 
most profitable types of farming in each locality; investigations of the 
markets and methods of marketing farm products in their districts; 
making preliminary surveys of the agricultural conditions of counties 
preparatory to the location of a county agriculturist and assisting in 
the direction of the work of the county agriculturists in their district. 

The county agriculturists are co-operatively selected by the counties, 
the college and the United States Department of Agriculture. Both by 
correspondence and by meetings held in the counties, the plans of 
organization and methods of work have been explained. Numerous 
inquiries have been received. Requests for information in regard to 
the work or for assistance in organizing it and securing a county 
agriculturist have come from about sixty counties of the state. In the 
explanation of the work and in its organization in the various coun- 
ties, I have addressed 117 meetings with a total estimated attendance of 
15,735. Twelve counties have organized, raised funds and secured agri- 
culturists. These are as follows: 


County. Agriculturist. Date of Beginning Work. 
Pulilemantn sss hia. os Co BeaCookae ye: 4h s Many, E.9is: 
pS eam Oar AA tyes a oie 6 Ie Vee Crandall’ "2:4 °j0 Mars i; ous: 
Mircepine Weer, sca eet es SINS 3% R. G. Hoopingarner .. Sept. 1, 1912. 
Peeled Wetted cet cake 'e. Satetre Earl P. Robinson ..... April, 1, 1913. 
REIN tere tas, okie give iets J He Skinnere<. 3% 229! Sept. 16, 1912. 
Alpena, Presque Isle & 

Monimorency yoo... « A Gr Tn CRS: ee July 1, 1912. 
Kalamazoo O56 27..4 8 Jason Woodman ..... Nov. 1,. 1912: 
BPaMGH 2a.) se hry SSE sulims. WwW. Chapin's... April d,, 1913: 
Grenesee Te Me). koi el Ward Hie Parker"s2 5.0 April; 1983: 
ONE WAV Or, soe: 5 Slats o si0 Hy Ba Bland tord: 25 <3 June 10, 1913. 
Houghton, 255 '2% Sey. Leo Ms Geismar () 52 3 June 1, 1915. 
Wiameels wren care oe. 2 o ChasieMu Brey 4.03 22s. July 1, 1918. 


*Resigned March 15; 1913. - 
TEmployed in the western part of the county during the school vacation 
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Considerable time has been given to helping select the men for county 
positions. It is also my duty to aid the men in starting their work, 
to visit them in their counties and give them whatever assistance I 
can. Two conferences of the men have been held at the college for 
the purpose of planning the work and for connecting it as closely as 
possible with the activities of the college. 

The counties in which there are now agriculturists do not give an 
adequate idea of the demand for these men as there are twelve counties 
that have formed good organizations, held meetings in various parts 
of the county for explanation of the work and raised considerable funds 
for financing it. In addition to the counties now having agriculturists 
and those that have organized and raised funds, there are thirty- 
five that have applied for information as to methods of organizing and 
for assistance by a personal visit to the county to explain the work. 

Upon assuming his work the county agriculturist is directed to make 
a preliminary survey of the county, studying it from every angle with 
a view to acquiring as thorough a knowledge as possible of its his- 
tory, geography, climate, soils, crops, animals, animal products, types 
of farming and markets. From federal and state reports and all other 
available sources of information as well as from his own preliminary 
surveys, he makes an inventory of the agricultural conditions of the 
county as the starting point for his future activities. 

The next problem of the county agriculturist is the methods of 
reaching the farmers; these may be divided into two classes: (1) the 
visit to the farmer on his own farm, and (2) the community or group 
method. The county is too large a unit for the county agriculturist to 
confine himself to the first method if he would reach many of the 
farmers and be of greatest service to the people. In most of the counties 
now having agriculturists there are more than three thousand farms 
and it would require from three to five years to visit carefully all of 
the farmers. By supplementing the method of personal visitation with 
the group or community method, it is possible for the county repre- 
sentative to come into fairly close touch with the problems of all of 
the farmers and to be of considerable service to all. For this purpose, 
a farm bureau is organized. It is composed of local organizations from 
all sections of the county. The representatives of the local organiza- 
tions together with the officers of the county organization constitute 
the cabinet of the county agriculurist. With them he confers and 
upon them he must depend to a large extent for information and ad- 
vice as to the needs of the different sections of the county and for as- 
sistance in arranging conferences with small groups of farmers on the 
farms, at the school house or other place of assembly. At such con- 
ferences there can be careful consideration of plans to be pursued, 
methods already in use or results achieved. The community or group 
method also includes the influence which the agriculturist may have 
through the schools, boys’ and girls’ clubs, churches, farmers’ organiza- 
tions, commercial associations, the county Y. M. C. A., the platform and 
the press. 

In meeting the many problems arising in the agriculture of a county, 
the functions of the county agriculturist may be investigational, ad- 
ministrative or educational, but in all of these activities he has the 
assistance of others. He is the secretary of the agricultural interests 
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& 
of the county. He co-operates with the College, the Experiment Station 
and the Government in all phases of their extension work and his con- 
stant and close relationship to the problems and needs of the farmers 
makes him an efficient intermediary between the agricultural activities 
of the county and these institutions. Out of his own training and ex- 
perience, he may often safely advise but he also performs a very valu- 
able service in bringing the problems of the farmer and of the rural 
community into closer relation to the work of the various specialists of 
the college. In addition to this he is the representative of the people 
in all their other agricultural activities. 

The work which the county agriculturists are doing may be con- 
sidered under four divisions: (1) soil problems; (2) specific farm 
enterprises; (3) the farm as a unit or as an organization of farm en- 
terprises; (4) the community in its relation to the farm, the farmer, 
and successful agriculture. Under the first two divisions the extension 
methods have been fairly well tested and established. In the considera- 
tion of the second and third divisions of the work, extension must, for 
the most part, follow investigation. In the third division the focus of 
our attention will be not upon the yields of a particular crop or farm 
enterprise but upon the organization of the farm enterprises into a 
system, which under given conditions of production and distribution 
will give the largest net income for the farm as a whole. This involves 
not only an application of the physical and biological sciences to 
farm problems but also the science of economics. The fourth division of 
the work is a recognition of the fact that the success of modern farm- 
ing depends very largely upon the nature of the community in which 
the farm is located. Today the most successful farm can not be es- 
tablished in an unorganized and indifferent community and sociological 
investigations will often need to precede the really valuable efforts to 
assist in the building of the more highly organized rural communities. 

Respectfully submitted, 
EBEN MUMFORD, 
State Leader Farm Management 
Field-Studies and Demonstrations. 
East Lansing, Mich., June 30, 1913. 
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REPORT OF THE DEAN OF ENGINEERING. 


Dr. J. L. Snyder, President Michigan Agricultural College: 

My Dear President Snyder—I have the honor to present to you my 
sixth annual report as Dean of Engineering. 

The student enrollment in the Division of Engineering for the year 
just closing is 


Sub-treshwmi ely si c/s TER Soke tas BE 40) 
Mreshinen ecioso3. F240 Vat Ge BS ar ee ere 1438 
Sophomiaresy iiss. eee ees Nee ct eer ae 106 
URLOESA Leer ae Or Oe a ee ee 89 
PICIIGUS: Foci Re a ee hesleearaelsn ee nce ad Risto am do 
Specials. cos. ec swe eer eataae ee chip inl BIE e koeet 3 

Motal Weekes re CE ao Sees ea eee eee 434 


The total 454, in comparison with the totals of the last ten years is 
below that of any year since 1909-10. This showing would be a matter 
of concern if peculiar to the engineering course of this institution. The 
situation is very general, however, as indicated by the figures in Table I. 


TABLE I.—ENROLLMENT IN ENGINEERING SINCE 1903 AT VARIOUS COLLEGES OF- 
FERING ENGINEERING COURSES. 


Purdue Iowa State M.A.C Total of 
University.* College.* | one 55_Colleges.** 
TBOS An. eae 1,067 503 | 353 | 10,600 
1904R D> ia re ss 1,140 531 395 | 11,900 
1905-6. 53. eral 1 ,234 | 570 | 393 13 ,400 
UQOGSh A ne ee eo 1 332 592 384 14,300 
aU Oy <n See 1,402 704 485 | 15,500 
Ut (0) ee eer 1,297 681 498 | 15,600 
PVOOMOS ec cre sores 1,207 | 602 | 500 | 15,500 
TOTOH10 > ee fe 1,136 623 481 | 15,400 
iS pty a Oe 1,105 | 587 453 | 14,900 
if: he ei rae | 1,006 | 585 437 | 14,500 


*See Iowa State College Engineer, Dec., 1912. 
**See Bulletin, Society for the Promotion of Engineering Education, June, 1913. 


A committee of the Society for the Promotion of Engineering Educa- 
tion (See Bulletin S. P. BE. E. for June, 1913) assigns the following 
reasons for the decrease in attendance. 

1. The general raising of standards both for entrance and for gradua- 


tion. 
2. The greater interest in courses in agriculture. 


3. The greater interest in commerce courses. 

4. The prevailing opinion that the engineering profession is over- 
crowded. 

The same committee adds: “Undoubtedly the panic of 1907 had some- 
thing to do with the attendance, probably causing the freshman class 
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of that year to be smaller, thus affecting the attendance materially 
in the following years” and 

“The decrease in attendance at engineering schools should have a 
marked effect on the salaries paid to recent graduates. That this is 
true is indicated by the fact that a large majority of the schools who 
have any information on the subject report a material increase ranging 
from 10 to 50 per cent. A large number estimate that the increase is 
about 25 per cent.” 

In this matter of attendance, the outlook at M. A. ©. is for inerease. 
The present enrollment of freshmen engineers is 10 per cent greater 
than for the preceding year. Undoubtedly, the recent action of the. 
University of Michigan in increasing materially its tuition fees to resi- 
dents of the state will increase the enrollment in engineering at M. A. C. 

The teaching staff of the division consists of 32 persons. The salaries 
paid are increasing slowly as appears from the comparison in Table IT. 


TABLE II.—COMPARISON OF SALARIES IN DIVISION OF ENGINEERING, 1907-8, 1909- 
10 AND 1912-13. 
Composition of staff. 

Period. Professors. aa, Instructors. Assistants. Total. 
iI) Dy Es) eaeroe waa ae 3 BONAR Se ote hee ell etc tar ener ee lake ss ey SS 
EOOGANO MN ac ss. 4 5 18 3 | 30 
OW ARS hs Ss sks se. 4 7 Wi 3 32 

Average salaries. 
| 
. Assistant ae Total 

Period. Professors. Professors: Instructors. Assistants. Expenditures. 
OO T-Sivouchauereeisieors $2,433 00 $1,300 00 SSUZIOO A Hye ore sever aces ln eerste 
POOG=NO see ein bisine 2,550 0O 1,380 00 884 00 $720 00 $35,180 00 
(oh (5 see 2,675 00 1,571 00 1,014 00 730 00 41,150 00 
Mesirablets:. 62s... 3,000 00 | 2,000 00 1,400 00 | SOOWOOW Ese aeve ce ehce 


*See Report of Dean of Engineering for 1907-8. 


The present scale of salaries, combined with the lack of opportunity 
for and encouragement in the prosecution of experimental and other 
investigation work does not assure the retention of many of our promis- 
ing men and makes others discontented. In this connection, I wish 
again to recommend that the engineering experiment idea be made a 
realization. 

This feature of engineering school work, once established would inure 
to the mutual benefit of the state, college, division, and engineering 
faculty and students. 

The professional degrees were recently conferred on eighteen graduates 
of our engineering course. The conditions precedent to these degrees are 
such as give them real significance, much more than the same degrees 
conferred for work in course. 

Our graduates are rapidly increasing in numbers and their standing 
makes it not at all difficult to find many who, at the suggestion, can 
qualify for these degrees. 
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The course of study as revised on the basis of twenty recitation hours 
per week or equivalent has been given a thorough trial and proven 
to be an improvement over the old course. I think that in a few years 
a still further reduction in credit hours should be made. The general 
character of the course which has been maintained for many years and 
which is peculiar to M. A. C. is in line with the latest opinions as to 
the work which should be given to undergraduates in engineering 
schools. 

The recent legislative enactment limiting the annual budget of the 
division of engineering to $35,000, will, if given force and effect, be a 
body blow to the progress of the engineering work at M. A. C. Pending 
a decision as to the legality of the limitation nothing can here be said 
in way of recommendation for the future of the departments concerned. 
Suffice it to say that the budgets of the departments of the engineering 
division for the year past totaled $51,000 and that this amount does 
not include overhead charges. 

It is sincerely to be hoped that the limitation can be removed. Other- 
wise the outlook for engineering at M. A. ©. is very discouraging. 

In conclusion I wish to commend the teaching staff and the student 
body in the division for their co-operation and loyalty during the year 
past and to thank the authorities and other departments for their sup- 
port of the work in engineering. 

Respectfully submitted, 
G. W. BISSELL, 
Dean of Engineering. 
East Lansing, Mich., June 30, 1915. 


REPORT OF THE DEPARTMENT OF MECHANICAL 
ENGINEERING. 


Dr. J. L. Snyder, President Michigan Agricultural College: 

My Dear President Snyder—This communication constitutes my sixth 
annual report as Professor of Mechanical Engineering. 

Z he teaching staff of the department for the year past is as follows 

. W. Bissell, Professor ; 

J. A. Polson and E. J. Kunze, Assistant Professors; 

J. L. Morse, T. W. Fitzgerald, E. A. Evans, A. P. Krentel, E. C. 
Saker, W. R. Holmes, A. S. Smith and J. Smith, Instructors. 

In addition, Mr. ©. D. Curtiss of the Civil Engineering department 
was transferred to my department for the winter term and some student 
assistants were emploved during the same term. 

The appended table, Exhibit A, shows the working schedule of the 
staff for the three terms of the college year. 

No changes in the personnel are contemplated for the coming year. 
Mr. J. A. Polson has been advanced to the rank of associate professor 
with a seat in the general faculty and increase in salary. Messrs. 
Kunze, Morse, Fitzge1 ‘ald and A. §. Smith have been given increases in 
salary. 

Miss Clara B. Purcell, who has for nine years been connected with 
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the department as clerk, has chosen to sever her connection with the 
college, effective September 1, 1913, much to the regret, not only of 
the teaching staff and students in the department, but to all in the di- 
vision of engineering who have known her. 

It is unfortunate that the policy of the college in the matter of re- 
muneration for clerical work makes it impossible to retain as efficient 
a person as Miss Purcell. 

The material equipment of the department has been increased by the 
addition of a horizontal boring mill, an electric blue-printing machine, 
a 75-ton hydraulic testing machine, a fatigue testing machine, a sclero- 
scope, many small tools and apparatus, purchased or built in the shops 
and the entire equipment has been placed in good repair. 

The teaching efficiency of the department is improving, due largely 
to the permanency of the staff and to the interest shown by each of 
the teachers in his work and that of others in the department, in the 
division and in the college. 

The writer takes this opportunity to thank the teachers of the de- 
partment and the students in their classes for the helpful and enthusi- 
astic co-operation manifested during the year. 

Respectfully submitted, 
G. W. BISSELL, 
Professor of Mechanical Engineering. 
East Lansing, Mich., June 30, 1913. 


EXHIBIT A.—TABLE I. 
Class-work of Department of Mechanical Engineering, Fall Term, 1912. 


] 
Neel tie ae Mead 
| per 0. 0! tudent 
Class. Subject. Novot Teacher. | week students | hours per 
2 each enrolled. week, 
| student. 
| : | | | 
4-year Freshmen......... Woodishopi..aeeeie. canes | Ws oe { is acer } 6 | 135 810 
ppp nuenares } PNR Res Sr es Morgeyshopr susie stesso Aitcl bacee Mr. Holmes........ | 6 54 | 324 
Sophomores..............| oundry;.=. oss ean oeeke Of ever Mr. Baker........-. | 6 | 43 258 
Sophomores..............| Empirical design........ Gisterac ac Reel ti * | 6 103 618 
Beene bak Se Machine shop........... ange: sv ae Rea a 6 | 79 | 474 
iors..... . J. Smith..... | 
ue eae ome Machine shop........... Daren Nini Secor ee 6 18 108 
Juniors.................:| Machine design......... Gree. shets | J Prof. Kunze...... | | 49 = 
| \ Mr. Morse....... J | 3 147 
Prof. Polson. .... | 
RMITTONS oe eacterete cic isis. crctare ote Metallurgy............. Ma Rees Prof. Kunze..... al 
Mr. Morse....... zi 82 164 
| | | Mr. Fitzgerald... 
SEMOrsete Ah cee we kcees Steam engine design.....| 8b...... Of IUNIEOG ser : 6 | 25 150 
DENIOMS eaiar tars Sate ees Engineering, Laboratory..| 13 ¢..... Me, Fiteseral fern 8 51 408 
SL) CHSC ons Gaebega rane Heating and Ventilation..; 18a..... ney aed Bau \ 3 28 84 
BENIOLSS creieroie:e.cts exessiars othe Costs, Accounting, ete...) 18c¢..... of. Bissell........ 2 56 112 
Totales so yet ioe/-s TBE aca: CHS see ce RSE ee deve A Oe Oe ea a (ee 723 3,657 
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TABLE II. 
Class-work of Department of Mechanical Engineering, Winter Term, 1918. 


Hours 
Cl Subject No. of Teach Laat BP ra pe 
ass. ubject. 2 eacher. wee students ours per 
SAUL each enrolled. | week. 
student. 

P | 
4-year Freshmen......... Wood ahOp:.0.276.cn | 0 repays (Me ace ae \ | 6 122 | 732 
4-year and 5-year Freshmen| Elements of Engineering..| 1........ rot, Bissell ee He 2 128 256 
Sophomores, Juniors...... Forge: shop. 23. < 224-02 WOR eeres Mr. Holmes... ..... 6 47 282 
Sophomores.............. ROUNOIGS & alec aot tes Dien dente Mr- Baker -2 2:7. sc4 6 34 204 

Prof. Kunze..... | 
Sophomores.............. Kinematics............. (iN ea oes Mr. Curtiss...... } 5 98 | 490 

. Student assts.... | 
Sones: eee Machine shop........... it tet recat ae ae }| 6 89 534 

Prof. Kunze..... | | 
‘iti Gh) i eee ae arid Engines and boilers... .. . (Ds ences Mr. Morse....... r| 3 80 | 240 
Mr. Fitzgerald... | | 

Juniors ats eae eek | Machine design......... Gide r. Morse.......... } 6 47 282 

Prof. Polson. .... ] 
JuMOrsy.t Ate. Meee fe Engineering Laboratory...) 13 a..... Mr. Fitzgerald... } 4 80 320 

ee Tete 

: i mi ext : of. Pelson..... | 
SONYA, «2s. ane oS as Engineering Laboratory...) 13 d..... Mr. Fitagerald... | | 8 23 184 
Remiore2:55:. lenses ye: | Machine shop........... PS Baer nae ee ES 6 14 84 
DEnlOng area ies Caen Works Management... ... DBs ccs Of. Kunzes cc. oe 3 46 138 
DeMints: Ais oNoo ta eee Jig and Fixture Design...| 6e...... Prof. Kunze........ 8 27 216 
PENIGIE Aare oe ae aon | Power Station Design....| 18 b..... | Prof. Bissell. ....... rf 25 175 
Motales fae ae ccc IeticnoSacepasocae sce gaese| SocatHe ss: | Dac oe eae et eda oe ; 860 4,137 

| 
TABLE III. 


Class-work of Department of Mechanical Engineering, Spring Term, 1913. 


on No. of Stud 
per 0. 0! tudent 
Class. Subject. No.of Teacher. week students ours per 
= il F each enrolled. week. 
student. 

4-year Freshmen......... Woodshop: .ccoJeesn ce OR ae Me ee wes } 6 121 726 

Sophomores.............. Forge shop............. DiGs nek Ar. Holmes........ 6 33 198 

eg Juniors...... RGUNUEY 1 cee eee ee vt ie ee S We toes See 6 48 288 
Sophomores * Mr. Evans....... 

Titra 9 SP Pxees Sect Machine shop........... DiTervn ciate iis gLite 6 69 414 
. Prof. Bissell...... 

JUNIORS. gore ss hae Ee Thermodynamics........ UAE Aree Prof. Polson. .... 4 68 272 
Prof. Kunze..... 

PUMORGE, as rs oss oe Engineering Laboratory...) 13 b..... Me end: “5 4 67 268 

WUMHOTS ..c1ecntaen aes a aacies Steam engine design..... Siar Ack irs Moree), is 5.2. os: 4 43 172 

SEIT Beatin eaa aber mpgs ee Gas power engineering...) 8c...... Prof. Kunze........ 3 32 96 

POMONA tes fee Sro.c is odin Machine tool design. ... . (iS cr Prof. Kunze........ 6 10 60 

HOMIONG Is eee k On ors History of engineering....| 18d..... Prof. Bissell. ....... 2 50 100 
Prof. Bissell... . . 

SIOMIOTHY hd Sav sis ace onde PRBS yok aeerk tee 19'al. SK Prof. Polson. ... . 20 16 320 
| Prof. Kunze..... 

11 Oe OPPS TCs Ag Leh ee 13525, cestieces eee emis Be 557 2,914 
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REPORT OF THE DEPARTMENT OF CIVIL ENGINEERING. 


President J. L. Snyder: 

Dear Sir—While our departmental machinery has turned out good 
work during the past year, in some respects we have not attained re- 
sults which are wholly satisfactory. The main reason for this unpleas- 
ant fact exists in an inadequate force provided to deal with the teach- 
ing which falls to our share, and the clerical tasks which arise partly 
from the teaching and which are partly assignments dependent upon the 
general college administration. Except in the winter term, our sched- 
ule was much over-crowded and certain classes were assigned to men 
by way of makeshift rather than because the teachers were always 
qualified to take the work. 

There has been no lack of industry on the part of our instructors. 
They have all responded to every demand with the best efforts they 
had to give. Every member of the teaching force is entitled to my 
thanks and those of the college for his efficient endeavor, loyalty, and 
the promotion of harmony in the department economy. 

We began the year with a departmental staff including the following 
teachers whose names are given in order of seniority of appointment: 


H. K. Vedder, C. E., Professor of Civil Engineering ; 

W. B. Wendt, B. C. E., Assistant Professor of Civil Engineering; 
A. M. Ockerblad, B. S. in C. E., Instructor in Civil Engineering ; 
C. A. Melick, D. C. E., Assistant Professor of Civil Engineering ; 
EK. D. Kingman, Ph. B., Instructor in Civil Engineering ; 

C. D. Curtiss, B. S., Instructor in Civil ngineering ; 

C. W. Parsons, B. S., Instructor in Civil Engineering; 

EK. L. Shepard, B. S. in C. E., Instructor in Civil Engineering. 


Three of those named above have resigned and will leave us with the 
close of this school year. Mr. I. D. Kingman and Mr. A. M. Ockerblad 
will undertake employ ment elsewhere,and Mr. C. D. Curtiss intends to 
specialize in certain engineering studies at Columbia University. 

A number of my recommendations of last year which received no con- 
sideration so far as I can judge are more urgent for the future. The 
suggestion that we be allowed an assistant to care for instruments and 
laboratory equipment is now mentioned for the third time. The failure 
to provide this need is costing heavily in deterioration of equipment. 
Similarly the lack of sufficient office help has its sequel in incomplete 
and imperfect records. At present there is more clerical work aris- 
ing in the office of this department in one week than was accumulated 
in a year’s business fifteen years ago. A very important item in this 
is the work entailed by attending to the candidates for advanced de- 
grees. This year there were more than forty applicants dealt with of 
whom thirty received degrees at commencement after having satisfied 
the requirements demanded by college regulations. 

As for many years past I present herewith a tabulation showing the 
work of teaching as carried out by this department during the year; 


STATE BOARD OF AGRICULTURE. 


it will answer questions of assignments, enrollment, class-rooms occu- 
pied, size of classes and the like. Such a table has its limitations which 
should be borne in mind by anyone who consults its columns. It does 
not aim to set forth all lines of department endeavor. It deals only 
with classes and class work, in which a certain number of students are 
met by one or more instructors. There are many other definite as- 
signments shared by our teaching staff which do not appear in the 
table. Further, Mr. C. D. Curtiss was loaned to the mechanical depart- 
ment during the winter term and his class work in that department does 
not appear in our tabulations. 


Class-work of the Department “ Civil Engineering for the College Year, 1912-1918. 


ly 


| N No. 
Class. | Subject. pela Teacher. Classroom. er be hours eine 
are cee 
s 1 | 

cpr ae . Vanderbilt, 
(w che) Forest Topog........... CB. 2bileProbs Wendt .s.' oases cictmae’s anes Sasa ole 56 ll 

Sophomores. 0., Mich. 
ec Pest SY aa 

Fall term. | } 
Sophomores.| Surveying (class) C.E. 1la.| Mr. Curtiss 111 5 | 2 21 
Sophomores.| Surveying (class)... eGo a SM Parsons: /.22 2s etre selec. 2 118 5 | 2+ 18 
Sophomores.| Surveying (elass)........| C.E. 1a.) Mr. Parsons................ 118 7 2 | 21 
Sophomores.| Surveying (class)........ Clb lad iMr: Cirtisse. ot. see oeenee | 120 7 | 2 | 21 
Sophomores.} Surveying (class)........ C.E. la. Mr. Ockerblad. ............-..| 203 a] 2 | 19 
Sophomores.| Surveying (class)........ C.E. 1a.| Mr. Kanpmianis. os ces ce: | 111 7 2 21 
Sophomores.| Surveying (field)........| C.E. 1a.) Mr. Parsons, Mr. Curtiss..... 401 162 2 50 
Sophomores.| Surveying (field)........ C.E. la.| Mr. Curtiss, Mr. Ockerblad.. 203 5,6 2 | 52 
Sophomores. | Surveying (field)........ CE. Ta; Sbrok: Wendt 28.32 Se 120 7,8 | 2} 19 
Juniors..... Mechanics of Eng....... C.E. 4a.) Mr. Shepard...............- | 301 De 5 20 
Juniors..... Mechanics of Eng.......| C.E. 4a.| Mr. Kingman............... | 302 1 Bul 17 
Juniors..... Mechanics of Eng....... C.E. 4a.| Mr. Ockerblad.............. | 301 1 5 | 20 
Juniors..... Mechanics of Eng. ...... C.E. 4a.} Prof. Melick................ 120 5 5 19 
Juniors..... Adv. Surveying (class)...| C.E. 6..| Mr. Shepard................ | 118 2 3 21 
Juniors..... Adv. Surveying (class}...| C.E. 6..| Mr. Ockerblad.............. 203 2 3 | 21 
Juniors..... Ady. Surveying (class). ..| C.E.6..| Prof. Melick................ 302 Z 3 19 
Juniors..... Adv. Surveying (class)...| C.E. 6..| Mr. Curtiss..............-.. 203 & 3 26 
Juniors..... Adv. Surveying (field)....| C.E. 6..) Mr. Ockerblad, Mr. Shepard. . 203 6,7 4 22 
Juniors..... Ady. Surveying (field). ...! C.E. 6..| Mr. Shepard, Mr. Ockerblad. 203 6,7 | 40 21 
Juniors..... Ady. Surveying (field)....| C.E. 6..| Prof. Melick, Mr. Shepard.... 302 3,4 | 4 19 
Juniors..... Adv. Surveying (field)....| C.E. 6..| Prof. Melick, Mr. Shepard... . 302 3,4 4 22 
Jun. & Sen..| Surveying methods (cless).| C.E.2..) Prof. Wendt................ 203 Lis Jick 17 
Jun. & Sen..| Surveying methods (field).| C.E. 2..| Prof. Wendt, Mr. Curtiss. .... 203 1,2 4 | 17 
Seniors... Graphie Statics......... C.E. 4d.| Prof. Melick................ 304 1} 31 17 
Seniors..... Graphic Statics......... C.E. 4d.|’ Prof. Melick................] 304 2 | 3 12 
Seniors..... Adv. Surveying (class)...| C.E. 6b.) Prof. Vedder................ lll Jee 5 | 13 
Seniors..... Adv. Surveying (class). ..} C.E. 6b.) Prof. Vedder................ 111 4) 5 12 
Seniors..... Ady. Surveying (field). ...| C.E. 6b.) Prof. Vedder, Mr. Parsons... . 111 5,9 | 4 | 15 
Seniors..... Adv. Surveying (field)... .| C.E. 6b. Prof. Vedder, Mr. Parsons... . 111 5,9 4 | 10 
Seniors..... Bridge Stresses.......... C.E. 8a.| Pref. Vedder................ 111 2 3 13 
Seniors..... Bridge Stresses.......... | CA sSas]) Prof Wedderncssin tn/ccn ets) 111 4 3 16 
Seniors..... My draulicn:. os 4.45 «ae Co bi ein, Kangman: 32. ccecateciact } lll 3 5 27 
Seniors..... Hydration: 6. oases vse et GES. Prof Wendt. 270 iver. 203 4 5 24 
| | 
Seniors..... Hydraulic Laboratory....| C.E. 5a.) Mr. Kingman............... 3 5,9 4 | 7 
Seniors..... Hydraulic Laboratory....| C.E. 5a.| Prof. Wendt................ } 3 5,9 4 9 
Seniors..... Hydraulic Laboratory....| C.F. 5a. Prof. Wendt................ 3 5,9 4 | 10 
Seniors.....| Hydraulic Laboratory....| C.E. 5a | Mr. Kingman............... | 3 5,9 4 7 
| | 

ES ea ee | 
Testalla | 1c BOCHONS  . cc iss Cozi a cls > ate See Ul ecia nding ikws saves emia s Le coctaoe ake set nee ceee ee 129 715 
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Class-work.—Continued. 


\"No. No. 
. No. of | ae Hours cf | bours | students 
Class. Subject. Peis Teacher. | Classroom, meeting. | per fi 
| week. | class. 
Winter term. 

Juniors..... Mechanics.............. ConeAb: | Mrs Pardonisien:..<nas esses 302 1 5 12 
Juniors..... Mechanics:.....-....-.. C.E. 4b.| Mr. Ockerblad.............. 203 | 1 5 13 
Juniors..... Mechanics............-> C.E. 4b.| Mr. Ockerblad.............. 203 5 5 12 
Juniors..... Mechanies.............. CiE; 4b:} Mr: Shepard... ..2....26.. 00. 213 1 5 12 
Juniors..... Mechanics.............. C.ELAb.| Mr. Shepard: ....-......-..- 302 5 5 11 
Juniors..... Mechanics.............- Gibb: Profs Vedderss. -ssaecaec. se 111 5 5 12 
Juniors..... Advanced Surveying.....| C.E. 6..| Mr. Ockerblad.............. 213 | 2 3 9 
Jun. & Sen..| Agr. Eng.........,..... Geotail erOf VEACET ees cieiecies cae 4 111 | 2 5 28 
Seniors..... Masonry, Arches (class). .| C.E. 9..| Prof. Wendt................ 109 | 1 3 12 
Seniors..... Mas’y, Arches (drawing)..| C.E. 9..| Prof. Wendt, Prof. Melick. ... 304 7,8 4 12 
Seniors..... Mas'’y, Arches (drawing)../ C.E. 9..| Prof. Melick. Prof. Wendt... . 306 | 3,4,7,8 4 17 
Seniors..... Masonry, Arches (class)..| C.E. 9..| Prof. Melick................ 213 | 5 3 17 
Seniors..... Bridge Design...........| C.E. 8b.) Prof. Melick, Mr. Parsons... . 304 3,4 8 29 
Seniors..... Roads and Paving....... C.E. 10.| Mr. Kingman............... 111 | 1 2 18 
Seniors..... Roads and Paving....... C2B2105)9 Mrs Kingman... ..2eesa ses 2 111 (P| 2 13 
Seniors..... Water Supply & Sewerage.| C.E. 15.) Prof. Wendt................ 203 2 4 18 
Seniors..... Water Supply & Sewerage.| C.E. 15.) Mr. Kingman............... 302 2 4 10 
Seniors..... Fxperimental Lab....... | C.K. 12.| Mr. Ockerblad, Mr. Shepard... 4 | 2,3,4,6,7,8 6 10 

Seniors..... Experimental Lab:...... C.E.12.| Mr. Kingman, Mr. Parsons, | 
Mrsishepardinre. asco. a 4 6,7,8 6 16 
Seniors..... Mech. of Eng........... WC@eBy 42) MraKinemanesc. ease. ooo 111 | 8 | 4 14 

| | 

irotalaam| | 2O/sectiOns. ase te coerce lore te «5s ees an AD Sac e.g. one dM AS een nee has ae 88 295 
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Class-work.—Concluded. 


: 


| No. i 
Hours of | hours | students 


| 


No. of z 
Class Subject nian: Teacher. Classroom. | meeting. | per “e 
week. | class. 
ees ee ee ee ee Sen ee ee A 
Spring term. | | 
Sophomores.| Surveying /class)........ | Cohob;} Mr. Curtigsy.c-2 4 iste es | 111 2 2 24 
Sophomores.| Surveying (class)........ CB, 1b:|" Prof: Wendts.2.4546. 1.09. 2s < | lll 2 2 22 
Sophomores.| Surveying (field)........ | C.E. 1b.| Mr. Shepard, Mr. Parsons... 304 3,4 4 24 
Sophomores.| Surveying (field)... .. ...| C.F. 1b.| Mr. Shepard, Mr. Parsons... . | 304 3.4 4 30 
Sophomores.| Surveying (field)...... .-| C.E. 1b.) Mr. Shepard, Mr. Ockerblad. .| 304 6,7 4 20 
| 
Sopbomores.| Surveying (field). ....... C.E. 1b.| Mr. Shepard, Mr. Curtiss... . 304 5,6 4 23 
Sophomores.| Surveying (class)........ C.E. 1b.| Mr. Shepard................ 302 5 2 27 
Sophomotes.| Surveyi ing (class)........ C:B, Ib:) Mr-Shepard)2.25<2.5.0.~-.2] 301 7 2 28 
Sophomores.| Surveying methods (class) | C.E. 2..| Prof. Wendt................ 111 5 3 15 
Sophomores.| Surveying methods (field).| C.E. 2. | Prof. Wendt, Mr. Curtiss. .... | 111 5,6 7 15 
Juniors.....| Railroad surveying (class).| C.F. 7..| Prof. Melick................ 111 1 3 28 
Juniors..... Railroad surveying (class). C. Heide s| Serors Mellen s,, Soe ae | 111 7 3 25 
Juniors..... Railroad surveying (field). it C.E. 7..| Prof. Melick, Mr. Kingman... | 111 ita 4 25 
Juniors..... Railroad surveying (field).| C.F. 7..| Prof. Melick, Mr. Kingman... | 302 5,8 4 14 
Juniors..... Railroad surveying (field). | C.E. 7..| Pref. Melick, Mr. Kingman... 302 5,8 4 14 
; 
Juniors..... Topog. Mapping (field)...| C.E. 6a.) Prof. Wendt, Mr. Curtiss. ... . 203 1.2 4 20 
Juniors... .. Topog. Mapping (class). .| C.E. 6a.) Mr. Curtiss................. 203 2 | 2 20 
Junicrs..... Topog. Mapping (field)...| C.E. 6a.) Prof. Wendt, Mr. Curtiss... . 111 Sa 4 22 
Juniors..... Topog. Mapping (class). .| C.E. 6a.| Prof. Wendt................| 203 8 2 22 
Juniors..... Mech. of Materials. ..... C.. 4c.| Mr. Ockerblad.............. 302 3 5 11 
Juniors..... Mech. of Materials...... C.B: 4c.| Prof. Wendts 330» sssi..-ca 203 3 5 13 
Juniors..... Mech. of Materials. ..... C.E. 4c.| Mr. Ockerblad.............. 302 4 | 5 8 
Juniors..... Mech. of Materials. ..... C.E. 4ce.| Mr. Ockerblad............. 203 6 5 12 
Juniors..... Mech. of Materials...... C.E. 4c.) Mr. Parsons. ...........+:.- 302 5 5 13 
Juniors..... Mech. of Materials. ..... C.E. 4c.| Mr. Parsons................ 302 6 5 10 
Juniors..... Mech. of Materials. ..... G2. 4c.) Mr: Cuntissives on 12ee-8 ease 203 4 5 8 
Seniors..... | Roads (class)........... C.E. 17.) Mr. KINEUOAN cert ase eee 120 4 | 2 22 
Seniors. .... | Roads (field)............ C.E. 17. Mr. Kingman, Pref. Melick. ..| 120 3,4 6 22 
Seniors..... Astronomy (class)....... C38: 14: Prefs Vedder_= ..0 oso cee: ait 4 2 28 
Seniors.....! Astronomy (field)....... C.E. 14.! Prof. Vedder, Mr. Ockerblad,| i | 
e Mr. Parsons 2 | 28 
Seniors.....| Contracts, etc........... C.E. 13.) Prof. Vedder. . 3 | 26 
Seniors..... Contracts, etc........... C.E. 13.) Prof. Vedder. . Ae 3 23 
Seniors..... THesIss .. kos Se helt CADsiii Prof. sVedder=-. 6 fac.c5e kl 20 28 
i i] | 
Totals. .| 33 sections.............. | si grogede erste Reset tae Sus ope ane omar es See all eee a ae Veet oc aecke 137 470 
| 


The following text-books have been used in our classes during the 
year: Merriman and Jacoby’s Roofs and Bridges. Vols. I. II, III; 
Vedder's Notes on Surveying; Merriman’s Treatise on Hvdraulies; 
Church’s Mechanics; Baker’s Masonry Construction; Baker’s Roads and 
Pavements; Turneaure & Russell’s Public Water Supplies; Folwell’s 
Sewerage; Hosmer’s Astronomy; Tucker’s Contracts in Engineering; 
Wilson’s Topographic Surveying; Merriman’s Mechanics of Materials; 
Allen’s Railroad Curves and Earthwork; Breed and Hosmer’s Surveying 
Vol. I; Ingram’s Geodetic Surveying; Harger and Bonney’s Highway 
engineers’ Handbook. 

The total expenditure by the department during the year for all 
purposes has been $2.693.12 of which $72.00 was turned in for special 
examinations, and $707.00 for laboratory fees and other departmental 
receipts. 

Respectfully submitted, 
H. K. VEDDER, 
Professor of Civil Engineering. 
Fast Lansing, Mich., June 30, 19138. 
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REPORT OF THE DEPARTMENT OF PHYSICS AND ELECTRICAL 
ENGINEERING. 


President J. L. Snyder: 

Dear Sir—During the vear 1912-13, eighty-eight sophomore engineers 
took a year’s work in physics. In the fall term, one hundred twenty- 
five sophomore agricultural students finished their second term’s work 
in physics and in the spring of 1913, one hundred fourteen freshman 
agricultural students took their first term’s work in physics. During 
the fall term fifty-six women completed their work in physics, and eighty- 
five freshman their first term this spring. 

During this vear the usual courses in physics, as above outlined have 
been maintained and in addition the second vear short course men were 
given some “practical physics.” The amount of work given to the 
agricultural students is too brief; although it is argued that the agricul- 
tural course is planned for those who go into practical agriculture. 
still the fact remains that quite a large per cent of the graduates take 
up teaching mainly to teach agriculture but it is necessary for them 
to teach other subjects as well, the result being that we have a good 
many agricultural graduates teaching physics in the high schools of the 
state who are not sufficiently trained to make good teachers of this 
subject. 

If those who are to teach physics could elect one of the elective courses 
in physics it would help out very materially. This spring thirteen boys 
who had had our regular agricultural course in physics took an elective 
term and have profited considerably thereby. We offer a term’s work 
in the fall on electrical subjects and also one in the spring on the nse 
of power cn the farm. 

It is very convenient that the work in electricity and in physics 
are given by the same department as not only the students but many 
of the farmers are very anxious to get an acquaintance with electrical 
matters sufficient to enable them to use electricity intelligently on the 
farm. It is also increasingly important that the girls should have a 
practical knowledge of the anplication of the principles of phvsies to 
things with which they come in contact and to that end this fall we ex- 
pect to put in the laboratory some of the more common appliances used 
in the home in order that these young ladies may become acquainted with 
their operation and maintenance. I think it would be desirable for the 
girls to put together and take apart a small pump which is commonly 
used about the house, vacuum cleaners and electric appliances generally ; 
to be able to repair the wiring for flat-irons and electric heaters used 
about the house and to be able to renew fuses. 

In the department of electrical engineering we have planned to sepa- 
rate the seniors in electrical and mechanical engineering in the fall 
term’s work, giving the work to them in separate classes adapted to 
their needs. 

I wish to acknowledge the hearty co-operation of the various mem- 
bers of the department during this last year. Mr. George Klotz, who 
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has been with us as caretaker since we came into the new Engineering 
Building has entered the employ of the city of East Lansing and it will 
be difficult to find someone to replace him. 
Yours very truly, 
A. R. SAWYER, 
Professor of Physics and Electrical Engineering. 
East Lansing, Mich., June 30, 1913. 


REPORT OF THE DEPARTMENT OF DRAWING AND DESIGN. 


President J. L. Snyder: 

Dear Sir—I herewith beg leave to submit to you my annual report 
as head of the Department of Drawing and Design for the year ending 
June 30, 19138. 

The full effect of the rearrangement of the schedule on a twenty 
credit basis was felt this year, showing how the work of teaching will 
be distributed throughout the three terms and among the different teach- 
ers in the department. It is not as even as might be desired, the fall 
term being quite light in teaching hours as compared with the other 
terms. I have made efforts to have this remedied but so far without 
avail. It will probably come in time with the growth of the college, and 
when, as I hope, the program may be made out by one or two responsible 
heads. 

The courses in drawing, optional with music, continued to be very 
favorably received and the results, as shown in the work, proved even 
more satisfactory than they did the preceding year. I have to note a 
very marked enthusiasm in the freehand drawing courses, particularly 
this year. My efforts to offset the prevalent misconception that drawing 
is an art within the capacity of the few only, have certainly justified 
themselves this year as never before. If the teacher can make his 
students realize that individually they are all equally capable and able 
to acquire a valuable knowledge of a subject, his most difficult work 
is done, the rest lies with the student. This is where we succeeded 
this year almost beyond expectation. Enthusiasm ran to a high pitch 
and the results in some of the classes may be considered remarkable. 
Failure was unknown and not expected, and the weakest members of the 
class were able to turn out very acceptable, and here and there, very 
meritorious work,—as good as the best. At least two students decided 
to take up some form of drawing as a life work as a result of their 
year’s work in the department. 

Of course all of the above was made possible by the hearty and eap- 
able co-operation of all members of the department which I have in 
previous reports noted. I cannot say too much in praise of the faithful 
work of my staff, and as before I regret that financial remuneration is 
not available to make substantial the appreciation due the members. 

I lose one of my faithful teachers this June, Miss Snelgrove who leaves 
to pursue further her studies in art at the University of Michigan. She 
became unusually capable and trustworthy being useful both in the 
freehand drawing and in the mechanieal. 
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_I am compelled to mention the sad fact that Miss Bartholomew, who 
assisted us in the winter term for a while, died suddenly at her home on 
March 7, in Lansing. She had been helping us from time to time in the 
teaching of our freehand drawing when the teaching hours became ex- 
cessive for the department staff. Her work was always very satisfactory. 

The department teaching has been done by the following staff men- 
tioned in the order of seniority of appointment: 


Victor T. Wilson, 

Chace Newman, 

Caroline L. Holt, 

Isabel Snelgrove, 

Walter H. Ward, 

Carl Head, 

Bessie Bartholomew, assistant in the winter term. 

R. G. Chamberlin, student assistant in the winter term. 
F. i. Andrews, student assistant in the winter term. 


Nothing worthy of special note has been added to the department 
equipment during the year. We have quite a satisfactory outfit for 
the department provided the attendance does not increase markedly. 

Heretofore I have appended tables showing the distribution of students 
and instructors, but I shall try the experiment of omitting it this time. 
Statistics are generally tiresome, and they run about the same from 
time to time. 

Respectfully submitted, 
VICTOR T. WILSON, 
Professor of Drawing and Design. 
Kast Lansing, Mich., June 30, 1913. 


REPORT OF THE DEAN OF HOME ECONOMICS. 


To the President, Dr. J. L. Snyder, Michigan Agricultural College: 

Sir—I take pleasure in submitting my twelfth report as Dean of the 
Division of Home Economics. The work of the past year has progressed 
most satisfactorily. Notwithstanding the large enrollment, many ap- 
plicants were turned away at the opening of the year for want of room. 

Some advanced work and improved methods have been introduced 
into each of our four departments. Three teachers have been employed 
in music, one for part time only; three in domestic art, one carrying the 
woodwork only; Prof. Hunt and one other in domestic science, and one 
in physical training. More opportunity for actual teaching in do- 
mestic science and domestic art has been given our seniors and less for 
mere observation. The children from the East Lansing schools have 
formed two classes per week in both sewing and cookery and have 
been taught by the senior girls during the spring term. 

Teachers and students alike have co-operated to make successful the 
extra occasions of the year, such as the Farmers’ Institute Round-Up, 
the various banquets and dinners given by the college, the May Festival, 
the Bankers’ Association, the Triennial Reunion, ete. Our house di- 
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rector has so skilfully managed the dining room that we have had as 
good board as at any time in the past, at the uniform rate of $2.10 per 
week throughout the year. 

I wish also to call attention to the good work of our janitor and the 
door assistant, who have continued to meet the many requirements of 
their positions with efficient service. 

That the class work of the women students has been satisfactory is 
shown by the low percentage of conditions received by them. It is pos- 
sible that more constant scholarly work would be secured from all, were 
there less emphasis given to the social life. 

We congratulate ourselves that six of our alumnae were given the 
promotion degree, Master of Home Economics, at the recent commence- 
ment. The theses presented show that housekeepers as well as teach- 
ers may carry on valuable investigations in home economics. 

A brief resume of the development, the present conditions, and needs 
of the Home Economics division may be of value in shaping policies 
for the future. 

The department had finished its first five years and the Women’s 
Building had been occupied one year when I came to this position in 
1901. The Building was not finished, nor was it all in uSe nor furnished. 
In my second year, however, it was practically all occupied. Furniture, 
pictures, statuary, equipment have been added and the Building and 
Terrace are both furnished for complete service. The gymnasium has 
been completed, its visitors’ gallery built and new equipment installed ; 
the shower bath rooms have been finished and lockers provided; the laun- 
dry and wood working rooms have both been fitted up; the domestic 
science laboratory has been completely refitted, as the equipment brought 
from the old laboratory was not longer adequate; and orders have gone 
in for new desks, sinks, cases and microscopes for the domestic art 
rooms. The day of small things for the Home Economics department is 
past and we are ready to enter on a larger, broader work. 

During the fall term of the present year 72 girls (and several more 
stayed with friends in town waiting for vacancies) were taken care of 
in four private houses and in the Terrace. None of these places is 
well adapted for girls’ rooms and the contrast with the lower expense 
and greater conveniences of the Women’s Building makes these condi- 
tions all the more noticeable. Our dining room with normal capacity 
for 160 has been made to accommodate regularly over 200 people. For 
several vears beginning in the fall of 03 when 26 were roomed out of 
the building, these off-campus houses have been used with the hope that 
each year would be the last. The added responsibility, risk and labor 
involved cannot be appreciated except by the one in charge, the dean 
herself. No large girls’ residence hall like ours should be without its 
elevator from basement to fourth floor; its convalescents’ room, in order 
to isolate a patient for a day or over night; nor should it be without 
its guest room with opportunity to entertain an occasional college guest. 
Every available spot has been utilized, year after year; for students’ 
rooms. Two have been put into space which sanitary science does not 
consider hygienic. This should no longer be allowed. 

I. We need first a new residence hall, a larger dining room and an 
elevator in the Women’s Building. 

The duties of the dean’s office have become so varied and considerable 
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that a regular stenographer should be employed to carry on the work. 
In addition to the correspondence, which is at times large, the dean 
issues all orders for supplies for class work, and furnishings and repairs 
for the building; she signs all bills belonging to the division and OK’s 
the pay rolls for all regular and student employes. The women students 
are classified three times a year under her supervision; their records and 
blanks are filed in her office; she keeps lists of social activities and of 
those who attend; all excuses for absence from class and permits for 
absence from town are given by her; she acts as general adviser to 
the women students and for their organizations; her office is a bureau of 
information as far as may be, of the various matters pertaining to them. 
The four departments of work—music, physical culture, domestic art 
and domestic science—have grown in every way in these years, in num- 
bers, courses, classes and character of the work. 

During my first years the dean had two to five hours per week of 
teaching; for four years I met the seniors in the study of History of 
Education. Finding that other Michigan colleges had the right to 
issue state teachers’ certificates I made inquiries and with the addition 
‘of one elective the catalogue of 1905-6 published a statement that this 
right had been granted to the Michigan Agricultural College. A teach- 
ers’ registry was established in the dean’s office, which was removed in 
1908-09 to the office of Prof. French, the recently appointed professor of 
Agricultural Education. The Dean of Home Economics is naturally still 
salled on every year to recommend teachers and to give her judgment on 
the merits of different candidates. 

The attendance is now over 125% larger than it was when the present 
dean took up the work in 1901. The course of study has been advanced 
by one full year and more. The standard of work has been steadily in- 
creased. Hereafter none but high school graduates or the equivalent 
will be enrolled and all the work will be of college grade. 

The dean is a member of a half dozen permanent committees and 
has her share of special committee work also. Various compilations -of 
statistics, useful in showing the needs and possibilities of women’s tecli- 
nical education might be made were there some one to make them. 

II. <A stenographer for the clerical work of the dean’s office is the 
second important need. 

Bulletins on home economies are being asked for constantly by the 
women of the state. Several topics have been accepted by different tiei- 
bers of our staff but the time to finish and publish such papers is not 
available. Such bulletins would meet a long felt need. 

Extension work is another field which has not been entered to any ex- 
tent because of lack of time and of the demands of regular college classes. 
Had we another worker who could fit in as occasion demands at the eol- 
lege or as extension lecturer, some of the other instructors and profes- 
sors would be free to prepare an occasional bulletin and to engage satis- 
factorily in extension work. 

Ill. We need an additional instructor in home economics. 

The salaries of our teachers are far below the average paid in institu- 
tions of this kind. If we expect to keep in the front ranks we must 
offer higher salaries. To illustrate: last year one of our instructors re- 
ceived here $700.00 and is receiving $1,200.00 now in a similar position at 
the University of Illinois. A letter is at hand asking for a teacher of 
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dressmaking in a state agricultural college of the middle west, who need 
not be a college graduate but who will be paid $1,000.00. Some of our 
graduates with little or no experience secure positions at $75.00 or $85.00 
per month, while we try to retain experienced teachers at $700.00 per 
year. Other instances might be added. 

[V. I most earnestly and respectfully plead for this important need 
of higher salaries for women teachers. 

With adequate remuneration and sufficient helpers our department 
could carry on one-week courses throughout the state, a Home Makers’ 
Week or short courses at the college in the winter, and perhaps a short 
summer course, using the splendid equipment on hand. The farm women 
and young girls who are not trained for a college course are asking for 
just such work. The State Grange and farmers’ clubs, the Women’s 
Congress of the farmers’ institutes, the State Federation of Women’s 
Clubs and other bodies are urging such work upon this division. In 
my reports of June, 1906, 1908 and 1909, I recommended a two-year 
course. The need still exists. 

V. Bulletins, extension work, short courses are all imperatively 
needed and all are possible. It would be exceedingly unfortunate should 
this development be longer postponed. 

VI. A two-year course ought to be inaugurated for those who have 
not completed the high school or who for some reason are not good can- 
didates for a regular college course. M. A. C. is much better fitted for 
this work than any other institution in the state. Unless, however, she 
takes it up, some other ‘will. 

In 1905 the women of the college community organized a Women’s 
Club and made the Dean of Home Economics its first president. The 
next year she was sent to the State Federation as delegate, where she 
Was appointed member of the home economics committee. She has at- 
tended eight such conventions in various capacities, several board meet- 
ings, and was delegate to the National Biennial in Boston in 1908. She 
has been successively member and chairman of the Home Economics de- 
partment, director of the State Federation, member and chairman of the 
education department, which last position she now holds. This work has 
brought me in touch with the women of the state and particularly with 
their educational interests. I have addressed on educational topics, sev- 
eral city and county federations and over forty clubs in various parts of 
the state during the past four years. 

In a few cases the clubs have met my expenses, in a large proportion 
of these visits, however, my expenses have been paid by the college. I 
have taken one trip outside the state during my term of office when the 
expenses were met by the college, the occasion being the inauguration of 
Pres. Pendleton at Wellesley College. 

The Girl Students’ Aid Fund is under the auspices of the College 
Women’s Club—iwo or three other clubs and individuals having con- 
tributed—and is administered by the Dean of Home Economics and 
Cashier of the College. Thus far, nearly $250.00 have been secured 
and most of it is in use to be returned later with a small amount of 
interest. This is a much needed work. 

I have been a member of the State Committee of the Young Women’s 
Christian Association since 1907 and actively interested in Association 
work at the college. This has become a most important feature of our 
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college life. I have attended during these years eight annual conyen- 
tions, a National Quadrennial, a Students’ Council and a Lake Geneva 
Conference of the Young Women’s Christian Association. 

In these twelve years I have visited all the colleges of Michigan, 
some of them more than once, and have endeayored to keep in touch 
with the college work of the state. I have also attended several sessions 
of the School. Masters’ Club and of the Michigan Academy of Science. 
It has been my good fortune to visit also during this time seventeen or 
eighteen other higher institutions of learning in this country and Can- 
ada, to inspect their equipment and learn something of their methods. 

Two years ago by our invitation, women interested in home economics 
met here to organize the Michigan Branch of the American Home EKco- 
nomics Association. I was elected National Councilor for the Branch 
and have attended one annual convention of the National Association, 
the three state conventions held and several council meetings. I have 
attended also one of the Lake Placid Conferences on home economics at 
Lake Placid, New York. In order to prepare for the Graduate School 
in Home Economics which was held at M. A. ©. in 1912, I visited the 
school at Ames, Iowa, in the summer of 1910. On account of the health 
and summer school duties of the chairman of the home economics com- 
mittee, I served as acting chairman for our school. 

A year ago we organized an honorary society for home economics 
students, the Omicron Nu, which has already met with favor in other 
institutions. Two additional Chapters have been organized and several 
requests for charters have been received. One at Purdue will probably 
be installed in the near future. 

A social club, “The Idlers,” to which all women connected with the 
college are eligible, was organized several years ago to promote social 
life among non-society members and to take care of general social 
functions; among these may be mentioned the Hallowe’en frolic, Thanks- 
giving evening, Faculty dinner parties, a “Ministers’ evening,” the May 
Festival supper. Three new literary societies have been established in 
these years. As this system is strongly fixed at M. A. C. and as it pre- 
sents some excellent features, still another society ought to be estab- 
lished, or the existing plan should be modified. Certain features of the 
present plan are exceedingly harmful in the home life of the department. 
The “bid day” must be abolished and opportunity for society member- 
ship or attendance should be given to all who wish it. This would be 
ideal. 

Within the year there was organized at the college in connection with 
the women graduates of some twenty-five colleges resident in this 
vicinity, the Lansing Branch of the Association of Collegiate Alumnae. 
I have represented the Branch since its organization at a Deans’ Con- 
ference, a National Convention and a National Council of the Associa- 
tion. 

These points are given to show how wide the field in which a dean of 
women must be interested. Her time ought to go not only to the regu- 
lar duties at the college and the hundred and one unexpected matters 
which arise to perplex, but also to these outside interests, taking some 
part in social activities and furthering the interests of the department 
in every way possible. 

As a result of the experience of these years I believe a more liberal 
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policy toward the women students would result to advantage on both 
sides. The dean should feel free to let the young women decide most 
matters for themselves in the conduct of their daily college life. 

Our progress has been hampered by the frequent change of teachers 
and the low salaries paid, the restricted facilities for housing women 
students and by the great prominence given to social affairs. This de- 
partment has, without doubt, a great future before it. Practical tech- 
nical training for women will be given within a few years in every 
school and institution which admits women. Professors and instructors 
must be prepared for these positions and the: agricultural colleges 
should be ready to supply them. 

I wish to express to the president and faculty my sincere apprecia- 
tion of their consideration and assistance in carrying on the work of 
the women’s department. In leaving this work I take with me most 
pleasant memories and wish for the Michigan Agricultural College 
and all those connected with it the greatest success and happiness. 

Respectfully submitted, 
MAUDE GILCHRIST, 
Dean of the Division of Home Economics. 
East Lansing, Mich., June 30, 1913. 


REPORT OF THE DEAN OF THE VETERINARY DIVISION. 


President J. L. Snyder: 

Dear Sir—The report for the Division of Veterinary Science is here- 
with submitted. 

In my last annual report was mentioned the proposed rearrangement 
of the courses of study and likewise the progress toward a more com- 
plete organization of the division. Five departments proposed at that 
time have been nominally created. The courses of the division (ex- 
cluding subjects given in other departments of the college) have been 
distributed as then suggested, and, after trying out one full collegiate 
year, the increased facilities offered in instruction work bespeak the 
success of the arrangement. Each department so created has been 
placed under the supervision of a veterinarian of the teaching staff, and 
though each individual is immediately responsible to the Dean of Vet- 
erinary Science he, none the less, has an interest at stake in his efforts 
to so equip and conduct the department assigned to him as to stimulate 
work of a high character; naturally this redounds to material advantage 
of the division as well as to the enrollment therein. 

Of the department of pharmacology, Dr. J. S. McDaniel has the fol- 
lowing to say: “This department, created at the close of last year con- 
stituting one of the sub-divisions of the veterinary science course, has, 
with the new arrangement, had a very successful year. Work greatly 
improved, adding class room hours and constitutes an eminently work- 
able schedule. That even greater efficiency may be attained, it will be 
necessary to add to the present equipment of our laboratory, but even 
with efficient equipment, progress that should be evidenced must be 
hindered as a result of the sandwiched-in condition of the laboratory 
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work of pharmacy and microscopic anatomy at present given the students 
in the same room. 

“T shall hope to add materially to our collection of crude drugs that 
the students may gain even yet better knowledge of their physic il and 
chemical properties in the study of materia medica; to our specimens of 
toxic agents for essential observation, testing and analytical work in 
toxicology and detection of poisonous substances. With the anticipated 
increased facilities for handling sick animals that seem to be all im- 
portant to better training of the student, the practical utility of Pharma- 
cology 38a, 3b and 3e (therapeutics) will be considerably enhanced. 
The course comprises a complete review of all other phases of pharma- 
cology and embraces the practical application of pharmacental materials 
or agents to the cure or prevention of the diseased conditions to which 
the animal body is susceptible. 

“Besides studies immediately under the design: ition of pharmacology 
my duties inelude laboratory instruction in Zootechnies 1 (animal re- 
straint), Veterinary Science to the agricultural division junior and 
senior students (2a, 2b and 2c) and work in connection with both 
the first and second year short courses in agriculture; the aim being 
in these latter courses to make the subject as practical as possible, 
adaptable to farm conditions and as free from technicality as the sub- 
ject will warrant. Aside from work immediately connected with in- 
struction at the college, I have filled several engagements in conjunction 
with the Department of Agricultural Education, offering talks or dis- 
cussions on subjects of general and special interest to the several com- 
munities visited.” 

In the department of surgery, Dr. J. P. Hutton, veterinarian in 
charge, makes the following summary of the work of the past year: 
“We have treated in the clinic (both medical and surgical)* during 
the college year just closed a total of 357 cases including horses, cattle, 
sheep, dogs, swine, poultry and cats; an average of 71 cases per student 
(work open only to junior (4) and senior (1) classes) which is a 
remarkably eood report considering the adverse conditions under which 
we are forced to work. Of this number over 80% were surgical cases, 
a fact due more especially because we are entirely wnprovided with 
facilities for sheltering and caring for sick patients; moreover a num- 
ber of very interesting cases were necessarily turned away on account 
of these conditions. The quality of the work we are attempting to in- 
still into the mind of the student is of very high order, but, owing to a 
lack of building facilities, is wanting in effectiveness, and there is 
grave danger of public condemnation unless we are given state aid in 
the immediate future. 

“The ene included in this department unter the designations 
Surgery 1, 2, 3, 4, 5, 6 and 7 constitute respectfully courses in general 
surgery, lameness and ae eee principles of horseshoeing, surgical 
clinic, special surgery, obstetrics and advanced surgery, the latter op- 
tional to seniors.” 

Dr. Frank W. Chamberlain has charge of classes in microscopic and 
macroscopic anatomy, ie., gross anatomy, embryology and_ histology. 
“Tnder the new schedule of courses, the work in macroscopic anatomy 
is advanced to the winter term, freshman year, and all courses are ex- 


*The two clinics have been combined during the past year. 
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tended over a greater period of time. The subjects in this department 
are otherwise taught as heretofore except that every effort has been 
made to so arrange and classify the work as to enable the poorer 
students to more efficiently handle the subject, and at the same time 
benefit the more skillful. During the past year the courses have been 
considerably handicapped through lack of proper room for our classes, 
but we are hoping for more laboratory facilities in the immediate future.” 

In the department of medicine, the following sub-divisions have been 
in operation during the past year, and are under my personal super- 
vision: Medicine 3a, 3b, 3c, 4a, 4b and 4c, la and 1b ineluding courses 
upon principals of diagnosis as well as simple and infective diseases of 
animals. Beginning with two terms in the sophomore year, the work 
continues uninterruptedly throughout the junior and senior years, aim- 
ing to expound the facilities through symptom reading for the inter- 
pretation of animal diseases and also including a discourse upon all 
known ailments of a medical (not surgical) nature. Furthermore in 
Veterinary Science 1 and Zootechnics 1, opportunity is afforded my meet- 
ing the freshmen students, thus becoming acquainted with them in 
their first term in Veterinary Science 1, and later meeting them in a 
course wherein is considered the breeds and care of dogs and eats, 
Zootechnies 1. 

During the fall and spring terms of the junior year, as a part of 
the clinical work designated Medicine 2a, 2b and 2c, arrangements and 
equipment have been completed for laboratory diagnosis of such cases 
as may come to the clinic and which warrant more detailed study or 
investigation than that attained through observation of the symptoms 
manifested. In this course the student aided by chemical, physiologic 
and microscopic research is led into the more intricate details of symp- 
tom reading. This class work, together with the details incident to 
the administrative duties of the Veterinary Science division, several 
trips in connection with farmers, dairy and other institutes, an ad- 
dress before the Annual Roundup, ete., has amply occupied my time 
throughout the entire period. 

While detailing the work of the departments created within the Vet- 
erinary Science division, I am not unmindful of the painstaking and 
efficient aid given so generously by the other departments of the col- 
lege, but desire to mention more especially my appreciation of the 
services from the Departments of Bacteriology, Botany, Entomology and 
Zoology where new and special courses have been created and con- 
scientiously awarded the student. 

It is unnecessary for me to enlarge further at this time upon our 
dire need of greater facilities; these matters are uppermost in the 
minds of each instructor connected with the Veterinary Science division, 
as is evidenced by their remarks quoted herein and has already been 
referred to in my earlier communication to you under date of May 
last. Suffice it to say that this matter has caused us great concern and 
it is hoped will be speedily adjusted through added building facilities. 
That the needs of the division may be met in such a way as to render 
this college competent to compete with veterinary institutions of our 
neighboring states, a group of one and two-story buildings has suggested 
itself to us, a ground plan for which accompanies this report. The plan 
does not attempt to complete the details of the suggested structure 
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further than in that most urgently needed department of clinic and 
surgery which it is hoped will be speedily erected. 

We have graduated our first student as Doctor of Veterinary Medi- 
cine and at this writing, so early after his leaving the institution, 
stepping from the ranks of student into the professional field he has 
chosen, it is gratifying to make public note of his success in securing 
a position of “responsibility and one where he should render aid of no 
little worth toward the prevention of disease among mankind and do- 
mestic animals alike. 

For the next year it is anticipated that the work will be carried on 
as outlined for the past year and we shall hope to add to what has 
already been accomplished along the lines of agricultural extension and 
agricultural education; to inaugurate as soon as practical a course to 
graduate veterinari ans with a “hope that this division of the college 
may attain a high degree of usefulness. Already along this line have 
we demonstrated in no uncertain manner our ability to serve a useful 
purpose to live stock owners, and by our daily correspondence we haye 
freely given such aid as may be possible through such channels. More- 
over, during the past year we have visited a number of farms through- 
out the state, thus aiding in the control of disease that has from time 
to time come to our attention. 

Many applications for our veterinary catalogue have come from 
prospective students in veterinary medicine, and we believe we have 
been fairly successful in our work of the past year considering our 
hampered quarters and inefficient facilities. Indeed, sufficiently appar- 
ent have been these several factors to fully satisfy us that, if the State 
of Michigan (with its live stock valuation approximating $140,000,000) 
will but give us the financial and moral support as I believe the im- 
portance of our work warrants, and thus permit the erection of such 
buildings as are imperatively necessary, we will be able to make the 
Division of Veterinary Medicine at the Michigan Agricultural College 
equal to any veterinary college in America, and likewise may we be 
a means of elevating veterinary science in the State of Michigan to 
a professional standard equal to that in any state in the Union; and, 
furthermore, by so doing can this college render first aid in the suppres- 
sion of the annual loss of millions of dollars now charged to animal 
disease among the live stock industry of the State of Michigan. ‘This is 
a mission in our power to fulfill and an obligation we owe the people 
of the state. 

Our student enrollment has been materially increased during the 
past year, and, including the recently graduated senior, was as follows 
Senior 1, juniors 2, sophomores 12, freshmen 11, specials 2 and post 
graduate 1. Total 29. 

Respectfully submitted, 
RICHARD P. LYMAN, 
Dean of Veterinary Division. 
East Lansing, Mich., June 30, 1915 
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REPORT OF THE DEPARTMENT OF BACTERIOLOGY. 


Pres. J. L. Snyder: 


Near Sir—It is a pleasure to report not only a maintenance of the 
high ideals established in the teaching work of this department but also, 
in respect to efficiency, what we consider an increase. . 

I have taken up the work in lectures in general bacteriology very 
much in the admirable manner adopted by my predecessor but have 
in addition given the lectures in sanitary science to agricultural and 
forestry students and to the Short Course students as I had formerly 
done. In all this work I have had occasion to receive the cheerful 
assistance in emergencies of Miss Northrup, Mr. Brown and Dr. Hall- 
man. It sometimes appears to be an excessive and unnecessary burden 
to triplicate this lecture work, as is now necessary, owing to the lack 
of capacity of our only lecture room. Even with three sections, we 
are compelled to fill the aisles with chairs. The value of our lecture 
work might be materially increased by the introduction of a projection 
apparatus. However, we could not consider installing such an apparatus 
in any of the rooms at our disposal. An auditorium seating from 250 to 
300 is almost a necessity for our work. 

Under the direction of Dr. van Suchtelen, with the able assistance 
of Miss Benham and the help of advanced students in the subject, the 
laboratory instruction has attracted a greatly increased number of 
students. This work is elective and it is observed that it is elected by 
the very best students from the junior and senior classes. The accom- 
modations are now taxed to their utmost. With a class in Market 
Milk and a class in General Pathology and other subjects for the vet- 
erinary students, we will be greatly embarrassed by our lack of room. 

Dr. Hallman has ably handled the subjects given especially to veteri- 
nary students and has been cheerfully assisted by Mr. Himmelberger. 
A deal of time has been spent in preparing permanent preparations for 
future classroom work. As this work grows, a special laboratory must 
be equipped for microscopical pathology with similar equipment to 
that required for histology and embryology. There must also be pro- 
vided an autopsy room. 

Mr. Brown has yery successfully conducted the short courses in 
dairying given by this department and the bacteriological part of the 
course in Market Milk. 

Miss Northrup has repeated in her characteristically efficient man- 
ner the work in Sanitary Science and Hygiene of Foods given to the 
women. 

On numerous occasions, it has been a pleasure to have a _ hearty 
response from Mr. Robbins, Mr. Itano and Miss Rademacher when called 
upon for aid in preparing material for the class room. 

There have been no serious outbreaks of disease amongst the students 
during the year, but one or more of the detention hospitals have been 
in use almost constantly throughout the school year. They are a great 
convenience and without doubt are a great factor in checking the spread 
of infectious disease through the student body as well as through the 
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surrounding community. The college hospital in charge of Miss Ketchum 
has continued to demonstrate its usefulness in caring for non-contagious 
affections. 

It would seem the part of wisdom to begin to make plans whereby we 
may protect the Red Cedar river from pollution by the raw sewage from 
ithe college. A sewage purification plant at this institution would not 
-only constitute a necessary health measure, at least in a broad sense, 
but would present many educational features of vast importance to a 
certain class of students. 

This year leaves me under great obligations to all those in the de- 
partment, each of whom has shown a hearty spirit of co-operation and 
a fine sense of loyalty to me personally and, of greater importance, to 
those fragments of science and to the ideals for which this laboratory 
stands. 

To you also I am indebted for your constant support and valued ad- 
vice which have made the past successful year possible. 

Respectfully, 
WARD GILTNER, 
Acting Professor of Bacteriology. 
East Lansing, Mich., June 30, 1913. 


REPORT OF THE DEPARTMENT OF BOTANY. 


President J. L. Snyder: 

Dear Sir—I submit herewith the annual report for the Department of 
Botany for the vear ending June 30th, 19138 

The botanical staff for this year has remained the same as in the 
preceding vear. I regret to report, however, that the resignation of 
Mr. J. C. Th. Uphof who has been in charge of the Botanical Garden 
and Herbarium, has been submitted and accepted in consequence of his 
having been appointed to a position elsewhere at greatly increased salary. 

From about the middle of February until the middle of June, Pro- 
fessor G. H. Coons, Research Assistant in Plant Pathology, was absent 
on leave of absence pursuing studies at the University of Michigan for 
the degree of Ph. D 

The number of students enrolled during the past year has been as 
follows: fall term 432, of whom 315 were taking Freshman Botany and 
the remainder Advanced Botany. 

Winter term 460, of whom 47 were taking Advanced Botany, 122 
Sophomore Botany and the remainder Freshman Botany. The loss of 
23 in attendance as compared with the attendance of the correspond- 
ing term of the previous year is due to the fact that botany was re- 
quired of women in the sophomore year as well as of men up to this 
vear but has not been required of them in the vear just closed. 

In the spring term there was a total of 321, of whom 52 were taking 
Adyanced Botany and the remainder Freshman Botany. 

In addition to this, there were about 40 enrolled in the short course 
in Fruit Diseases and about 55 short course students were enrolled in 
the course on Weeds. 
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During the course of the year some minor changes have been made 
in the equipment such as building of more cases to accommodate ap- 
paratus and supplies, additional shelves for the seed collection, ete. 
During the course of the year there were prepared and sent out to 
various high schools as well as to some of the County Agents in con- 
nection with the office of Farm Management, forty-eight sets of seeds 
of Michigan weeds, each set containing seed of about ninety weeds and 
for comparison, seeds of about ten cultivated plants with which the 
weeds are likely to be confused. Similarly, Professor Coons prepared 
and sent out to a number of high schools throughout the state, sets 
illustrating fifty of the more important plant diseases. Both sets were 
sold at a price just sufficient to cover cost of material and hired labor, 
no charge being made for the time of the regular members ot the botani- 
cal staff as this was considered as work that falls directly within the 
province of the Botanical department. 

Mr. Uphof, in charge of the Herbarium, has entirely rearranged the 
Herbarium in accor dance with the system of Engler and Prantl, a SYS- 
tem of classification most in use throughout the world at the present 
time. He also segregated the Michigan plants from the others. The 
collection of plants made under the direction of the Biological Survey of 
the State Geological Survey in the summer of 1911, has been mounted 
and will be placed with the Michigan collection as soon as room is pro- 
vided by the construction of additional herbarium cases which have 
been ordered. Mr. Uphof also mounted over one thousand specimens of 
plants collected by me in Florida, a large part of which I am donating 
outright to the college Herbarium, the remainder of which are being 
placed with the Herbarium as a loan so long as I shall continue to be 
connected with the institution. In addition to these, the standard 
sets and collections of fungi and algae for which the department is a 
regular subseriber, have been received so that the number of plants be- 
longing to the Herbarium has been increased by probably nearly three 
thousand in the past year. 

I wish to urge the importance of extension work in the Botanical 
department along several lines including the dissemination of informa- 
tion concerning weeds and other plants and more particularly, in order 
to disseminate information concerning plant diseases and their pre- 
vention. At present the Research Assistant in Plant Pathology, Pro- 
fessor Coons, is engaged on certain research work for which he re- 
ceived salary from the Adams Fund. It is impossible for him to take 
the time away from this Adams Fund research and devote it to these 
other important services such as dissemination of knowledge concern- 
ing plant diseases. Furthermore, it is often desirable to send a man to 
various points through the state to visit farms or orchards where cer- 
tain diseases seem to be creating particular havoc. To send Professor 
Coons would mean to take him away from the work for which he is paid 
by the Government. It seems to me, therefore, that this work ought to 
be undertaken, as it is in so many other states, at state expense. The 
appointment of such a man would make it possible to bring the Botani- 
cal department in its activities into much closer touch with the people 
of the state. 

Finally, I wish to commend the extreme loyalty of the teaching force 
of the department in spite of the faet that, especially in the winter 
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term, many of them were so overloaded with work that they were over- 
worked almost to the breaking point. I feel it is only due to them that 
their courage and faithfulness be recognized and that another year, con- 
ditions should be changed so that it may not be necessary to overwork 
them quite so severely. 
Respectfully submitted, 
ERNST A. BESSEY, 
Professor of Botany. 
East Lansing, Mich., June 30, 1913. 


REPORT OF THE DEPARTMENT OF CHEMISTRY. 


President J. L. Snyder: 

Dear Sir—In July, 1912, our first Graduate School furnished me with 
an opportunity to give some advanced instruction to a small class of 
young ladies in Domestic Science Chemistry. As near as possible in 
our work, which was entirely of a “laboratory and discussion” char- 
acter, we took up work which assisted the students in understanding 
more clearly some of the lectures delivered during the course of the 
Graduate School by Dr. Sherman of Columbia and Professor Mendel 
of Yale on “Food and Nutrition.” Nine young ladies registered in 
this course. Their names and institutions with which they were con- 
nected being as follows: 


Myrtle B. Craig, Lincoln Institute, Jefferson City, Mo. 

Grace J. Ferguson, Kansas City, Mo. (High School). 

Abigail M. Hess, Montana State College, Bozeman, Mont. 

Mabel C. Mosher, Michigan Agricultural College, East Lansing. 

Lena M. Pope, Manistee High School, Manistee, Mich. 

Anna Rutherford, Traverse City, Michigan. (State Hospital). 

Elizabeth 8S. Slaght (Mrs.), Grand Rapids High School, Grand Rapids, 
Michigan. 

Anna Elizabeth Smith, State Normal School, St. Cloud, Minn. 

Frances E. Stewart, Chicago, Illinois. (Wendell Phillips High School). 


The work with the freshmen students in the fall term in Chemistry 
(1) was carried out in a manner similar to that pursued in previous 
years, but I desire to call your attention to the following compilation : 

Of the total number of students registered in the class in the various 
courses 55.25% had previously studied chemistry in a high school. 

Of the total number who took the final examination 95.7% passed the 
subject, 4.8% failing. 

During the term, of the total number who registered 3.9% withdrew. 

Of the failures previous referred to 20% were students who had studied 
chemistry in a high school. 

I feel that so far as possible during the coming year it will be best 
for us to differentiate the student who has studied chemistry in a good 
high school in his laboratory work with us from one who has had no 
chemistry, and therefore will ask for an additional assistant in the 
laboratory to carry out this idea. 

The schedule of class work carried on throughout the year is as fol- 
lows: 
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Fall Term, 1912. 


Chemistry (1)—freshmen. 


WVGINGD © Sio aca sas Oe Ch eet gree eine tees Se ene 122 
SFE CELERON © sv 5 aia 3 tee eve Ros ale Sake eae ne nd od 214 
WmPiners ess). pkgs CCL ete en On Ne eee eee 149 
; —— 485 
Chemistry (7), Quantitative Analysis, juniors .................. 50 
Chemistry (10); Organic Chemistry, -wonien -. 2.5.54. seecace 83 
Total taking work in Chemistry this term:................. 618 
Winter Term, 1918. 
Chemistry 2, Qualitative Analysis, freshmen (men)........... 202 
Chemistry 4, Agricultural Chemistry, juniors & seniors ........ 44 
Chemistry 6, Forestry Chemistry, juniors & seniors ........... 12 
Chemistry 9, Qualitative Analysis, women, freshmen ........... 119 
Chemistry 12, Mineralogy, freshmen) :...-..% .3)-264\.e5.9s = ik ones 134 
Chemistry 14, -SeniorMnagineers : oi 2%4.. Pern, «coat Abeer ae ee 7 
Total taking work in Chemistry this term ....<......-:2 <4 516 
Spring Term, 1918. 
Chemistry 38, Organic Chemistry, freshmen, (men)............. 182 
Chemistry 16, Animal Nutrition, NOMMOUS® «<) Sois Stare dees baer ee 10 
Chemistry 11, Domestic Science, senior women (flour).......... 3 
Chemistry 13, Engineering Chemistry, freshmen ............ .. 134 
THESIS *wOrksin, HOrestey 4. (4c ohh Tee 6 
PRESS WOE I NOT COEINE ere oes. cee seais eseye elae atepe 5 
Total taking work in Chemistry this term................+6- 340 


Early in the year 1913 the Board authorized the establishment of a 
laboratory for the study and testing of wheat flour. Under Asst. 
Prof. Clark, who has general direction of the work, the laboratory has 
eradually taken form and we now have a dough mixer, electrically 
driven : sponge closet, electrically heated and controlled; baking oven 
for baking the completed loaf, electrically heated; and an elec ‘trically 
heated mufile for use in determining the ash of wheat flours. The labora- 
tory has proved its usefulness already and is attracting the attention of 
our senior students in Household Hconomics,—seyeral of whom have 
taken the first term’s work offered in this course. The idea at present 
is two fold; to impart a thorough knowledge of flour and its manufacture 
to our domestic science students and also to train a number of young 
ladies who desire to fit themselves for special work as flour testers in 
connection with some of the larger mills. The work in this flour labora- 
tory taken in connection with the opportunity offered by the milling 
plant located in the Soils and Crops department permits of our students 
taking any sample of wheat, milling it to flour, determining the per- 
centage of patent—low grade and offal—in the milling process and 
then later to take the highest grade product,—the patent, ‘and determine 
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by the baking test how it compares with some of the standard grades 
of flour from the large milling companies of the West. 

We have during the year added to our apparatus a fine rotation 
polariscope and also a double quartz wedge compensating sacchari- 
meter,—both these instruments coming from the celebrated makers, 
Schmidt & Haensch of Berlin. We still have in our possession the 
original polariscope used by Dr. R. C. Kedzie to establish the fact that 
sugar beets could be grown in Michigan of sufficient richness to war- 
rant the establishment of beet sugar factories. While the instrument 
is useful for coarser determinations its main value lies in its historic in- 
terest. 

During the spring term five senior engineering students, who had 
elected a thesis involving chemical investigation, took special work 
under Asst. Prof. Huston. 

Also six senior forestry students took thesis work of a chemical char- 
acter under Asst. Prof. Clark. 

On Jan. 22, 1913, I presented a paper before the State Millers’ Asso- 
ciation on “Something about Bran.” On Feb. 21st I gave a talk before 
the Pedagogical Club at the Mt. Pleasant Normal on ‘The Mission of 
the Teacher.” On April 24th I presented a paper before the Chemical 
and Physical Section of the Schoolmasters’ Club at Ann Arbor on 
“The Relation of a Science Teacher to the Instruction of Agriculture in 
a High School,” and as a reward for this effort was elected Chairman 
of this section for the year 1914. 

T cannot let the opportunity escape to recommend strongly to you 
that some form of a summer school be established at this college. While 
the action which the faculty took during the past year was in a cer- 
tain sense progress in the direction of establishing such a school, the 
effort came too late to make such a school available for 1915, but I feel 
that it will be of great advantage to the students of the college including 
the teaching force as well to have a short summer school given annually 
aM: ANC. 

In closing I wish to acknowledge the faithful work done by my staff 
during the past year: 


A. J. Clark, Assistant Professor. 
R. C. Huston, Assistant Professor. 
B. E. Hartsuch, Instructor. 
F. W. Bentzen, Instructor. 
J. R. Mitchell, Instructor. 
G. A. Reddick, Instructor. 
K. H. Conroy, Instructor. 
F. C. Kaden, Student Assistant. 
Mabel Mosher, Assistant. 
KE. A. Goodhue, Clerk. 
G. W. Churchill, Caretaker. 
Respectfully, 
FRANK 8. KEDZIE, 
Professor of Chemistry. 
East Lansing, Mich., June 30, 1915. 
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REPORT OF THE DEPARTMENT OF ENGLISH AND MODERN 
LANGUAGES. 


President Jonathan L. Snyder: 

Dear Sir—I have the honor to submit for your consideration and 
that of the Board of Agriculture the following brief report on the work 
of the Department of English and Modern Languages for the year ending 
June 30, 19138: 

The Knrollment.—The student enrollments in the department this 
year numbered 2718, an average of 906 per term, distributed as follows: 


English. German. French. Total. 
Ue Serrano & tes Meets oars 733 73 71 877 
IGE or Fe the aceon Mime eee 835 63 ay 955 
STUB ge rca Se eee ater ee Hos 62 47 886 
Total Fore year ssacns tics = 2345 198 175 2718 


The Teaching Force.—The teaching force of the department consisted 
of 12, classified as follows: 

By rank: 1 professor, 1 assistant professor, 10 instructors. 

By sex: 9 men, 8 women. 

By length of service at M. A. C.: 4 not previously employed, 8 previ- 
ously employed. 

The Work.—Outside of administrative work and many miscellaneous 
duties difficult to classify or explain, the labors of the members of the 
department were chiefly of the following six kinds: 


First: Instructing in class the average of 906 students per term 

listed above. 

Second: Preparing new material for class work and adapting exist- 
ing material to the peculiar needs of students of this in- 
stitution. (Existing text books contain matter only fairly 
well adapted for use with engineering students, and there 
is no text book in existence adapted to the composition 
work of agricultural students.) 

Third: Reading and critically correcting many thousand themes 

written by students. 

Fourth: Holding several hundreds of individual conferences with 
students concerning their themes and their work in public 
speaking, the purpose being to give the special advice, help, 
encouragement or reproof needed by individual students. 

Fifth: Directing and training debating teams, contestants for oratori- 

cal honors, students taking part in plays, ete. 

Sixth: Preparing committee work for, and taking part in, depart- 

mental meetings. (The main purpose of these meetings is ex- 
plained below.) 


The Course of Study.—It gives me much pleasure to say that the 
year’s experience has conyinced me that on the whole the course of 
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study in effect when I took up my work here in September was wisely 
planned and well adapted to the needs of our students. The changes 
which will be put into effect next year, while important, are not radical. 
It is my belief that the proper time to consider improvements in a given 
subject or in an entire course of study is when the successes and failures 
of that subject or of that course of study are vividly present in the 
mind. ‘That time is the end of each term rather than at its beginning, 
and the closing weeks of the college year rather than September. <Ac- 
cordingly, groups of instructors teaching sections of the same class were 
called together near the close of the fall and the winter term, and a 
series of departmental meetings was held in May and June. In these 
meetings the course for next year was planned, the text-books chosen 
and the general methods of teaching agreed upon. These changes were 
discussed and understood by all, and were made matters of record. Con- 
sequently, not only has the course been carefully considered with the 
year’s experience in mind, but each instructor knows what to expect and 
for what to prepare. I believe that this will do much toward giving to 
the department stability and certainty and that the work will be very 
materially improved. 

The Debates.—This year, as last, the department supervised two inter- 
collegiate debates, one with Alma College, the other with the State 
Normal College at Ypsilanti. In our debate against Alma College the 
students representing us were Messrs. Robert Snyder, *14, Samuel 
Rabinowitz, ’16, and N. E. March, ’16. They showed excellent ability 
and careful preparation, received the unanimous decision of the judges 
and clearly deserved it. In the debate with the State Normal College 
we were represented by Messrs. Ernest Hart, 714, S. A. Jessop, 716, and 
G. T. Hayes, 715. It was a good debate, resulting in a victory for Ypsi- 
lanti by a two-to-one vote. 

The Oratorical Contests.—The regular oratorical contest was won by 
Mr. A. I. Margolis, who accordingly represented this college in the 
state contest. Mr. Margolis won also our local peace contest, thus be- 
coming our representative in the State Peace Oratorical Contest held 
at Ypsilanti. In this he won third place. It is worth recording that 
two of the five judges gave him first place and that the man who won 
over him was also successful in the inter-state contest. 

A Tri-State Debate Next Year.—I am very glad indeed to report 
that preliminary arrangements have been made for a tri-state debate next 
year with the Iowa State College and the University of Minnesota. 
While in the past the success of our debating teams has been fairly. 
good, the great majority of our most promising speakers have failed to 
work for places on the teams, and the general student interest in these 
intellectual contests has been very small. Other land-grant colleges, 
the most progressive in the United States, have developed debating to a 
high degree of excellence. They are using it to interest students in 
studying carefully important questions of the day and to train them 
in vigorous, practical power to write and to speak. Such men are 
needed not only in our general national life, but to carry forward the 
very principles for which the land-grant colleges stand. 

Perhaps I should explain the tri-state system of debating: Each of 
the three colleges represented will choose two teams, one on the negative 
and one on the affirmative side of the question. Although arrangements 


94 STATE BOARD OF AGRICULTURE. 


have not been completed, I can illustrate the method as follows: Each 
of the affirmative teams will debate away from home, while the negative 
teams debate at home. M. A. C. will send its affirmative team to Minne- 
sota, Minnesota will send its affirmative team to Iowa, and Towa will 
send to Michigan. Each college will thus hold two debates on the 
same evening, supporting the affirmative at home and the negative away 
from home, and the series will be won by the college receiving the 
greatest number of votes of the judges of the three debates. The num- 
ber and character of the schools represented, the fact that some of the 
students will get an interesting trip to a great institution of a neighbor- 
ing state, the fact that at the same hour when our men are contesting 
against Jowa on our local platform another of our teams is meeting 
a Minnesota team in St. Paul, while at Towa State College Minnesota 
and Iowa fight for victory on the same question—all of these considera- 
tions should help materially to arouse our students to the fact that de- 
bating is not a mere departmental matter, but an important activity of 
the college as a whole. Already many students who showed no interest 
in this year’s debates have said that they will work to win a place on 
one of our tri-state teams. 

One circumstance hostile to debating will be removed when the col- 
lege has an auditorium in which contests of the kind may be held. Some 
other adverse conditions peculiar to our college can be removed in time, 
and others perhaps cannot, but it is our hope. that debating here may 
be broneht to a standard of excellence which will compare with that 
of other institutions. The hearty sympathy and support of the Pres- 
ident of the College, the Secretary of the Board and the heads of sev- 
eral departments, as shown when the tri-state debate was under con- 
sideration, will work strongly toward that end. 

The Spirit of the Department.—The members of my department have 
shown throughout the year a most praiseworthy spirit. Their interest 
in preparing themselves to carry out the plans of next year is shown 
by the fact that five of them are now in summer school—one in the 
University of Chicago, and four in the University of Michigan. One 
has gone to Europe for the summer. Other members of the depart- 
ment are spending their time in ways of which I thoroughly approve. 
At the date of this report, no instructors have resigned. The increases 
of salary granted, while not large, have tended strongly toward creat- 
ing a feeling that a policy of recognizing and rewarding faithfulness 
and efficiency has been begun. If such a policy has been adopted by 
the administration, then a teaching force of training and experience, 
of growing loyalty and increasing efficiency, can be held together. As 
it is necessary that nearly all teachers of English be drawn from in- 
stitutions whose ideals are much different from those of a land-grant 
college, changes in the staff of the IMnglish department are of serious 
consequence. When new teachers are employed, they must be assimilated 
to the purpose, the method and the ideals of this institution. This takes 
thought and energy and time. To lose a teacher of English who has 
grown into real efficiency in a college of this kind is more serious than 
to lose such a teacher in any other kind of college. It is my earnest 
purpose to make this department stand for something definitely worth 
while, and I am sincerely grateful to you for the increases in salary 
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and for the other support which seem to indicate a purpose of standing 
behind the department and enabling it to carry out its plans. 

Relation to Other Departments of the Institution—I am glad to 
report that the other departments of the college have manifested a 
spirit of co-operation for which the Department of English is very 
grateful and which is essential to its suecess. In a large and a very 
true sense it can be said that composition is not a separate subject, 
to be separately taught. Composition is but the expression (both oral 
and written) of the student’s thought on all subjects. <A recitation in 
chemistry, a paper in botany, a report in farm crops—all of these are 
exercises in composition. Certain fundamental ideas and many de- 
tails can be given by the English department, but in spite of the thon- 
sands of themes read by that department, by far the greater part of 
the student’s work in composition is actually done in other departments. 
Unless the student be held to accountability on his oral and ‘written 
composition in these departments, the poorly prepared student, the 
student of moderate ability and the indifferent student will make but 
little real improvement. The agricultural freshman spends two hours 
per week with his English teacher. Two hours per week is about one- 
fiftieth of his waking time. If the time spent in preparation equal that 
spent in the class room he may be said to spend one-twenty-fifth of his 
time on English. Now if the indifferent student be held to account for 
his manner of expression only when he is working for his English 
teacher, there is little hope for him. His manner of expression during 
twenty-four twenty-fifths of his time will overcome that of the remain- 
ing twenty- fifth. That is one reason why it must be recognized that 
the student should be required to cultivate good methods of expression, 
both oral and written, in every class. 

Furthermore, it must be remembered that, with some exceptions, all 
composition work for men is limited here to the freshman year. It 
falls to other departments, then, not only to build upon, but even to 
preserve what the English department has done. If he is held to no 
accountability for his English, a student may write much worse as a 
senior than he did as a freshman. If it is not to affect his grades or 
even his reputation, why should he trouble himself to put in practice 
what he has learned? In referring to this matter I am entirely sincere 
in saying that the other departments have manifested some disposition 
to recognize these facts and to act upon them. For this all members of 
the Department of English are devoutly thankful. 

I wish to say also that my predecessor has shown a generous interest 
in the success of the department this year. I found the records in ad- 
mirable condition, and Dr. Blaisdell spent some time in going over with 
me various features of the work. He has also throughout the year 
shown a very friendly spirit of helpfulness, which I sincerely appre- 
ciate. 


Very respectfully submitted, 
W. W. JOHNSTON. 
Professor of English and Modern Languages. 
East Lansing, Mich., June 30, 1915. 
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REPORT OF THE DEPARTMENT OF ENTOMOLOGY. 


President J. L. Snyder: 

Dear Sir—Following is a brief report of the work of the department ~ 
for the year ending June 30, 1913. 

Eight regular courses in entomology have been given during the year, 
Course V being given throughout the entire year. Besides this, two 
short courses were given to short course students during the winter 
term. Course VI was given in its entirety for the first time, the labora- 
tory work having heretofore been omitted to make room for other de- 
partments following the recent changes in course. Course VIII, Parasi- 
tology was given for the first time to seniors in the veterinary course. 

The work of the department requires little comment. The work 
has been done with few breaks, and carried out as planned. 

The personnel of the department has not changed except for the 
department of student assistants and the coming of new ones. 

The legislature recently closed has placed the inspection of bees in 
the hands of the State Board of Agriculture, and they in turn have 
appointed Mr. F. C. Millen, a graduate of Ontario Agricultural Col- 
lege, as State Inspector, making him a member of this department and 
instructor of apiculture, his duties here to begin on September 1st. It 
is to be hoped that eventually courses in bee-keeping may be added to 
the curriculum. 

Meetings of various sorts have claimed the services of the depart- 
ment in various parts of the state. Addresses have been made on a num- 
ber of occasions to gatherings of farmers and state societies. 

It gives me great pleasure to report a year pleasantly spent. 

Respectfully submitted, 
i. oe PEE 
Professor of Entomology. 
East Lansing, Mich., June 30, 1913. 


REPORT OF THE DEPARTMENT OF HISTORY AND ECONOMICS. 


To the President: 

The following is the report of the Department of History and Eco- 
nomics for the year 1912-1913. 

Total number of enrollments in the department for the year equalled 
900, distributed as follows: 

By terms: Fall, 258; winter, 568; spring, 274. 

By classes: Freshman, 106; sophomore, 404; junior, 239; senior, 125; 
specials, 26. 

By subjects: History, 182; economics, 574; political science, 144. 

Total number of hours taught during the year by members of the 
department were 1689, divided among the three terms as follows: 

Fall term, 546; winter, 576; spring, 517. 
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By subjects, the number of recitation hours during the year equalled: 
economics, 1637; history, 345; political science, 382. 

The studies which are included within the scope of this department 
are in the main studies of a very mobile character, and while the methods 
of research and investigation remain essentially the same from year to 
year, the subject matter of political science, economics and sociology 
is constantly changing. Ten years ago, for example, the trusts in 
economics and: national expansion in political science, were the ques- 
tions which were uppermost in the public mind, and the ones upon 
which emphasis was laid in teaching; now, they command scant at- 
tention in the classroom. 

This variableness in the subject matter of the studies just mentioned 
shapes in no small degree the methods which are employed in teaching 
them. Professor Ryder, for instance, during the past year, finding that 
the control of public utilities, the initiative and referendum, and the 
problems of the suffrage were the political questions uppermost in dis- 
cussion everywhere, utilized a term’s work in the study of these prob- 
lems. 

This as it happened was the single term during which students had 
an opportunity to elect political science, but it was reasoned that 
students would derive more benefit from the intensive study of a few 
topics and these timely ones than they would from covering the whole 
subject of political science in the conventional way. Mr. Ryder also 
found that the subject was given concreteness and the appearance of 
reality—in this way resembling laboratory study,—through bringing 
in legislators and public men to discuss special subjects before his 
students and special lectures were as a result largely used. 

The natural variableness in the subject matter of these studies ap- 
peared also in the case of economics. The principles of this subject are 
found to be applicable to some of the phases of agriculture and the 
name agricultural economics has been given to the special application. 
At nearly all the places where agriculture touches human interests, an 
economic significance may be found but it is especially in relation to 
farm organization that economics is most helpful. 

During the fall term of the past year a course in agricultural econom- 
ics for advanced students was given, extending throughout two hours 
per week during the term. Three-fourths of this time was given to the 
study of farm organization and topics such as follows were discussed: 
“Pactors in Farm Organizations,” “Proportioning of the Different Fac- 
tors to-each other,” “Size of Farms,” “Farm Tenure,” “Distribution of 
Farm Enterprises,” “Systems of Agriculture,’ “Rotations,” “Choice of 
Crops,” ete. 

It was found in connection with these topics that excellent problems 
drawn from study which the students had already pursued in other de- 
partments were obtainable and these added reality and gaye zest to 
the lectures of the course. Indeed, from a pedigogical standpoint, agri- 
cultural economics offers admirable material in a college like this and 
it is quite possible also that the discipline of looking at the farm as a 
unified activity—the business point of view—may be the best result 
which shall come from the study of agricultural economics. Thé course 
will be given three hours per week instead of two, during the ensuing 
year, 
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The relation of the social sciences to agriculture were still further 
emphasized during this vear through the presentation of a course in 
Rural Sociology. This subject was given throughout a period of sixty 
recitations to seniors and juniors and embraced the study of such topics 
as “Types of Rural Communities,” “Drift of Rural Populations,” “Ad- 
vantages and Disadvantages of Farm Life,” “the Rural Chureh,” “Rural 
Schools,” and “Rural Social Life.” The study of these familiar topics of 
discussion and the attempts to suggest remedies for diseased conditions 
seemed to prove very interesting to the members of the class and the 
course will be repeated again next year. 

Among the general college responsibilities of the head of the depart- 
ment, none have taken more time than the work of preparing for the 
triennial reunion of the alumni of this institution. Throughout the 
spring, a local alumni organization with which the head of the depart- 
ment, as alumni secretary, co-operated, had charge of preparing an 
alumni day program, a banquet, a ball, a band concert and a dramatic 
entertainment, together with issuing invitations and advertising alumni 
day events to our graduates and friends. It seems probable now that 
a permanent alumni secretary will soon be arranged for, after which 
the duties of the nature described above, will no longer be felt in this 
department. The duties connected with the secretaryship of the faculty, 
which, as described in our last report, were being carried by Professor 
Ryder, have devolved upon him permanently and occupy no small por- 
tion of his time and energy. 

The personnel of the department remains unchanged and much credit 
is due to Professor Ryder and Instructors Hendrick and Dunford for the 
effectiveness of the work during the past year. 

Very sincerely, 
WILBUR O. HEDRICK, 
Professor of History and Economics. 


East Lansing, Mich., June 30, 1913. 
| 7 


REPORT OF THE DEPARTMENT OF MATHEMATICS. 


President J. L. Snyder: 
Dear Sir—I have the honor of submitting herewith the annual report 
of the Department of Mathematics. 


The following is the list of the members of the department in order 
of seniority of ‘appointment. 


Warren Babcock, B. S., Professor of Mathematics. 
M. F. Johnson, B. S., C. E., Instructor. 
S. E. Crowe, B. A., Instructor. 

*J. E. Robertson, B. S., Instructor. 

EK. E. Beighle, B. S., Instructor. 

L. C. Emmons, B. §., A. B., Instructor. 
H. A. Snepp, B. A. LL. B., Instructor. 

t. A. Reece, B. S., Instructor. 

G. G. Speeker, A. B., Instructor. 

W. M. Wible, A. B., A. M., Instructor. 
M. G. Fenerhak, B. A., Instructor. 


Professor Warren Babcock was 


DEPARTMENT 


REPORTS. 


He was a member of the faculty of the Michigan 


for 22 


years 
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called by death on June 3rd, 1913. 
Agricultural College 
When the Department of Mathematics and Civil Engi- 


neering was divide d, in September, 1909, Professor Babcock was placed at 


the head of the Department of Mathematics, which position he held 
until his death. 


Mr. James I. 


Robertson 


resigned on February 


15th of this year, 


accept a professorship at Hiland Park College, Des Moines, Towa. 
G. Fenerhak was secured for the remainder of the year to fill 


Mr. 
All the 


year, excepting Mr. Fenerhak. 


M. 
the above mentioned vacancy. 


to 


members of the department have signed contracts for another 


The following is a schedule of the classroom work of the department 
arranged by terms: 


Fall Term Schedule. 


Class. 


Sub-fresh..... 
Sub-fresh..... 


Sub-fresh..... 
Sub-fresh..... 
Sub-fresh..... 
Sub-fresh..... 
Freshmen.... . 


Freshmen..... 
Freshmen..... 


Freshmen..... 


Freshmen..... 


Sophomores... | 


Sophomores. . . 


Sophomores. . . 
Sophomores... 
Sophomores... 
Sophomores.. . 


Subject. 


Geometry........ 
Geometry........ 
Geometry........ 
Geometry........ 
Geometry........ | 


Geometry........ 
Geometry........ 


Ag. and W. ! 


ase Geom 


Analyt. ‘Geom 
Analyt. Geom 
Analyt. Geom 
Analyt. Geom 
Analyt. Geom 


= 
0a ¢ 


eat 
ma ORES 


= 
09 ¢ 0g oF 


pu Alpeven oi... 


No. of course. 


. Beighle....... 
. Robertson. ... 
. Speeker...... 


. Robertson. ... 
. Robertson. ... 


. Johnson...... 
. Speeker...... 
. Speeker...... 
. Speeker...... 


E SDEDDE a ce 


Teacher. 


Classroom. 


8 cole Hall... 


100 Ag. Hall 
101 Ag. 
102 Ag. 
101 Ag. 


100 Ag. 
103 Ag. 
102 Ag. 
101 Ag. 
101 Ag. 


2 College Hall... 
LOS Ag Hale ae 
103 Ag. Hall...... 
103) Ag. Halll... - 

2 College Hall... 


102 Ag. Hall...... 
103° Ags Hallie oe 

8 College Hall... 
LOSvAe Hallie an. 
101 Ag. Hall...... 


100 Ag. Hall...... 
100 Ag. Hall...... 
100 Ag. Hall...... 
8 College Hall... 
2 College Hall... 


2 College Hall... 
301 Eng. Hall..... 
2 College Hall... 
15 tS aWeas 


101 Ag. 
101 Ag. 


102 Ag. 
103 Ag. 
ie Ag. 


Ag. Hall 


2 College Hall... 
2 College Hall... 
100 Ag. Hall...... 
8 College Hall... 


oo College Halles. 


110 Ag. Hall. ....- 

102 Ag: Hall...... 
| § College Hall... 
301 Eng. Hall..... 
102 Ag: Hall. ..... 


Hour 
of 
meeting. 


9:50-10:45 
2:30- 3:25 
2:30- 3:25 
1:35- 2:30 
12:40- 1:35 


8:55- 9:50 
1:35- 2:30 
10:45-11:40 
8:55- 9:50 
10:45-11:40 


8:55- 9:50 
2:30- 3:25” 
10:45-11:40 
12:40- 1:35 
8:00- 8:55 


9:50-10:45 
3:25- 4:28 
8:00- 8:55 
9:50-10:45 
8:00- 8:55 


9:50-10:45 
1:35- 2:30 
3:25- 4:20 
2:30- 3:25 
9:50-10:45 


2:30- 3:25 
9:50-10:45 
1:35- 2:30 
3:25- 4:20 
9:50-10:45 


9:50-10:45 » 


J 
bo 09 09 99 CO 


10: 245-11 "40 
10:45-11:40 
10:45-11:40 


No. of 


hrs. per § 


week. 


CrOWSrSTot Crooner Crowson 


bE i oe so 0 oS SS Sh 


100 
Class. Subject. 

Sub-fresh..... Geometry........ 
Sub-fresh..... Geometry........ 
Sub-fresh..... Geometry........ 
Sub-fresh. .... Geometry........ 
Sub-fresh..... Geometry........ 
Sub-fresh..... Geometry........ 
Sub-fresh..... Bing. Algiocs.. alow 
Sub-fresh..... Pine ANG ao sins aise 
Sub-fresh.... . Ag. fat W. Alg... 
Sub-fresh..... Ag. and W. Alg... 
Sub-fresh..... Ag. and W. Alg... 
Sub-fresh..... Ag. and W. Alg... 
Sub-fresh..... Geometry........ 
Freshmen.... . (ad byl Rear a Tene 
Freshmen..... y AM Net aneascc 
Freshmen..... Aging. ceases: 
Freshmen..... Be Wg teaver ae 
Freshmen..... Ay IIB es viv arses 
Freshmen.... . AS ETIE. canoe ccicls 
Freshmen..... Y/N bra Sapna 
Freshmen..... A eI ee aerate 
Freshmen..... AB TIE: pre ca stele 
Freshmen.,.... Ag. Tries 8c siete 
Freshmen.... . Geometry........ 
Freshmen.... . Geometry........ 
Freshmen.... . Geometry........ 
Freshmen..... Geometry........ 
Freshmen..... Me AMR i ctecite cies 
Freshmen..... ing WAUr a crt 
Freshmen..... Wings Ale sees ates 
Freshmen..... Eng. Alg......... 
Freshmen..... Png: Alg.< ccc 
Freshmen..... Pings, Ale. nee ee ne 
Freshmen..... Binge Algs 5.2 ster 
Sophomeres...| Calculus.......... 
Sophomores...| Calculus.......... 
Sophomores...| Calculus.......... 
Sophomores...| Calculus.......... 
Sophomores...| Calculus.......... 


*Succeeded by Mr. Fenerhak Feb. 24th, 1913. 


Class. Subject 
Sub-fresh..... Mensuration...... 
Sub-fresh..... Mensuration...... 
Sub-fresh..... Geometry 
Sub-fresh..... Geometry........ 
Sub-fresh..... Geometry........ 
Sub-fresh..... Geometry........ 
Sub-fresh..... eometry........ 

hmen..... Bing 1 TI@. scion 0 
Freshmen..... ni ay hu [ear ae 
Freshmen..... Eng. Trig........ 
Freshmen..... Fong. Trig sae ee 
Freshmen..... | cn PA by Pa aed 
Vreshmen..... Pier ikite. saw ote 
Sophomores...| Calculus.......... 
Sophomores...| Calculus.......... 
Sophomores...) Calculus.......... 
Saar gaa -»| Calculus...... 
Sophomores,..| Calculus........ 
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. 
Winter Term Schedule. 

Hour No. of | No. of 
No. of course. Teacher. Classroom. of hrs. per | students 

meeting week. | in class 
Math. 2b...| Mr. Beighle.......| 2 College Hall...| 1:35- 2:30 5 14 
Math. 2b...) Mr. Beighle....... 8 College Hall...) 2:30- 3:25 5 ll 
Math. 2b...| Mr. Wible........ 102 Ag. Hall 12:40- 1:35 5 19 
| Math. 2b...| Mr. Snepp........ 101 Ag. Hall. 8:00- 8:55 5 15 
Math. 2b...} Mr. Speeker...... 102 Ag. Hall. 9:50-10:45 5 24 
Math. 2b...| Mr. Speeker...... 103 Ag. Hall...... 2:30- 3:25 5 16 
Math. 1d...; Mr. Reece........ 101 Ag. Hall. 1:35- 2:30 6 16 
Math. ld...» *Mr. Robertson...| 100 Ag. Hall......| 1:35- 2:30 5 16 
Math. la...| Mr. Wible...... ; 2 College Hall...| 9:50-10:45 5 13 
Math. la...| *Mr. Robertson... 8 College Hall...} 8:55- 9:50 5 13 
Math. la...| Mr. Snepp. 101 Ag. Hall...... 8:55- 9:50 5 14 
Math. la...| Mr. Snepp. 8 College Hall...| 1:35- 2:30 5 22 

Math. 2b...| Mr. Reece. . 102 Ag. Hall...... 8:00- 8:55 5 
Math. 4a...) Mr. Wible.... 100 Ag. Hall...... 2:30- 3:25 3 23 
Math. 4a. Mr. Johnson...... 2 College Hall...) 8:55- 9:50 3 19 
Math. 4a...| Mr. Johnson...... 401 Eng. Hall..... 12:40- 1:35 3 18 
Math. 4a...| *Mr. Robertson...| 100 Ag. Hall...... 10:45-11:40 3 22 
Math. 4a. *Mr. Robertson...} 100 Ag. Hall...... 12:40- 1:35 3 19 
Math. 4a Mr. Emmons..... 102 Ag. Hall...... 8:55- 9:50 3 20 
Math. 4a...| Mr. Emmons..... 2 College Hall...} 2:30- 3:25 3 23 
Math. 4a. Mr. Speeker...... 102 Ag. Hall...... 10:45-11:40 3 18 
Math. 4a. Mr. Speeker...... 103 Ag. Hall...... 12:40- 1:35 3 19 
Math. 4a. Mr. Crowe....... 102 Ag. Hall. ..... 2:30- 3:25 3 18 
Math. 2c...| Mr. Beighle....... 103 Ag. Hall...... 9:50-10:45 5 16 
Math. 2c. Mr. Reece........ 102 Ag. Hall...... 3:25- 4:20 5 13 
Math. 2c. Mr. Wible........ 100 Ag. Hall...... 3:25- 4:20 5 14 
Math. 2c..-.| Mr. Crowe....... 100 Ag. Hall...... 9:50-10:45 5 21 
Math. If...| Mr. Beighle....... 8 College Hall...]| 3:25- 4:20 5 20 
Math. 1f...| Mr. Johnson...... 2 College Hall...| 8:00- 8:55 5 19 
Math. 1f...| *Mr. Robertson... 8 College Hall...| 8:00- 8:55 5 20 
Math. 1f...| Mr. Emmons..... 103 Ag. Hall...... 8:00- 8:55 5 19 
Math. 1f...| Mr. Emmons..... 2 College Hall...) 3:25- 4:20 5 19 
Math. 1f...| Mr. Speeker...... 103' Ag. Hall...... 3:25- 4:20 5 21 
Math. 1f...| Mr. Crowe....... 100:Ag; Hallo... 8:00- 8:55 by 22 
Math. 6a...| Mr. Reece........ 101 Ag. Hall...... 12:40- 1:35 5 19 
Math. 6a...) Mr. Johnson...... 2 College Hall...| 10:45-11:40 5 22 
Math. 6a. Mr. Snevp........ 8 College Hall...) 12:40- 1:35 5 20 
Math. 6a...| Mr. Emmons..... 8 College Hall...} 10:45-11:40 5 21 
Math. 6a...| Mr. Crowe....... 2 College Hall...) 12:40- 1:35 5 22 
Spring Term Schedule. 

Hour No. of | No. of 
No. of course. Teacher. Classroom. of hrs. per | students 

° | meeting. week. | in class. 

| 

Be suns | Mr. Reece........ 2 College Hall...| 1:35- 2:30 5 16 
Doren cme | Mr. Speeker...... 8 College Hall...| 1:35- 2:30 5 16 
2c | Mr. Beighle....... | 10dAg. Galles... 12:40- 1:35 5 20 
BGM hele S.cie MrsWables ice eaia | 101 Ag. Hall...... 8:55- 9:50 5 20 
iene ts Mr. Crowe....... | 100 Ag. Hall...... | §:00- 8:55 5 21 
AWncewncaee Mr. Snepp........ 8 College Hall...) 8:00- 8:55 5 21 
Dard thie. Mr. Snepp........ 2 College Hall...| 8:55- 9:50 5 19 
AG Sc a Nent: Mr. Wible........ 102 Ag. Hall...... | 12:40- 1:35 5 24 
BYE cigtSisare Mr. Speeker...... 8 College Hall...) 12:40- 1:35 5 24 
ABC Bice | Mr. Fenerhak..... 102 Ag. Hall...... 8:00- 8:55 5 23 
WIN, chee vecte'e Mr. Fenerhak..... 403 Eng. Hall..... 12:40- 1:35 5 24 
ADS eh eas Mr. Emmons..... 103 Ag. Hall...... 8:00- 8:55 5 24 
Ali States Mr. Johnson...... 2 College Hall...| 8:00- 8:55 5 24 
ODi te ae Mr. Reece........ 2 College Hall...) 12:40-: 1:35 5 23 
Gent wraaleae Mr. Beighle....... 103 Ag. Hall...... 10:45-11:40 5 17 
Og ae aceite e Mr. Crowe....... A ree Hall...| 10:45-11:40 5 18 
Bi etc ete Mr. Emmons Ag. Hall; ... 12:40- 1:35 5 24 
OU feed tere Mr. Johnson...... a College Hall...) 10:45-11:40 5 17 
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I wish to call attention to the inadequate office room for our de- 
partment and also to the fact that our office has no means of ventilating 
except through the doors and windows. 

Respectfully submitted, 
MAURICE F. JOHNSON, 
Acting Head of Department of Mathematics. 
East Lansing, Mich., June 350, 1915. 


“ 


REPORT OF THE DEPARTMENT OF ZOOLOGY AND 
PHYSIOLOGY. 


To the President: P 

Sir—I have the honor to submit the following report for the De- 
partment of Zoology and Physiology and the General Museum for the 
year ending June 30, 1913 

As forecast in the report for last year, only two changes in the teach- 
ing staff of the department became necessary, Mr. Allen C. Conger, Ohio 
Wesleyan, 1910, succeeding Mr. H. 8. Osler and Mr. Verne KE. LeRoy 
replacing Mr. Royal E. Davis. Both have done excellent work and 
have been reengaged for the coming year. Since both had had one or 
more year’s experience in teaching before coming here, the work of the 
department went on smoothly and with little or no loss of efficiency. It 
is a pleasure to record that all members of the force have worked 
earnestly and harmoniously for the best interests of the department and 
college and we are to be congratulated that no change in the staff is 
likely to occur this coming year. 

The program of the department, with its three sub-divisions, zoology, 
physiology, and geology, involves so large an amount of laboratory work 
that it has been “difficult at times to find proper accommodations ‘for the 
many sections meeting at the same hour. At present more than half of 
the work is given in the new Agricultural Building and the remainder 
in the museum building, which necessitates the almost daily transfer 
of equipment, laboratory material, and museum specimens, from one 
building to another, and entails much additional work and some loss of 
time for the instructors. It is hoped that the conditions now obtaining 
in this respect may be materially improved in the near future. 

During the coming year the advanced work in human physiology 
(nutrition) will be continued, as well as the veterinary physiology which 
has been cared for by this depariment during the past year. “A slight 
change will be made in the work in general z00logy by which veterinary 
freshmen taking this subject will cover the entire animal kingdom in- 
stead of merely the invertebrates. The elective work offered hereto- 
fore under the head of embryology, heredity and evolution, and con- 
fined to a single term, has proved so popular and valuable that it seems 
almost imperative that more time be given to these subjects, especially 
in view of the immense importance which the study of genetics has re- 
cently assumed. 

This seems to be the proper time and place to renew a recommenda- 
tion made several times in the past that a full year of general zoology 
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be required of every regular student in the agricultural course as a 
foundation and prerequisite for the zoological electives of the junior 
and senior years, which aim to give a comprehensive and well-balanced 
knowledge of the laws of animal life. Such required courses are almost 
universal in the better agricultural colleges of the United States and 
our own college has been most severely and justly criticised for its 
weakness in this particular respect. It is true that we do give our agri- 
cultural students a better course (required) in geology and mineralogy 
than is supplied by most similar institutions, but this does not offset the 
defect just pointed out. - 


UNIVERSITY EXTENSION WORK. 


During the year much interest in the wild life of the state has been 
shown by the public, and the demand for copies of Michigan Bird Life 
has been large and constant. In accordance with the directions of the 
Board, complimentary copies of this book were sent to prominent 
Scientists throughout the world, as well as to a selected list of scientific 
periodicals and to a few libraries. About four hundred copies were 
distributed in this way and an additional hundred was used for a 
similar list of daily and weekly newspapers and periodicals dealing 
largely with agriculture and rural life. 

The writer has received hundreds of most appreciative letters, not only 
from all parts of the United States, but from a large number of foreign 
countries, many expressing surprise and pleasure at the character and 
magnitude of the work and especially at the completeness and accessi- 
bility of the information supplied. Although designed primarily for 
Michigan readers this book serves fairly well for any inland locality in 
the northern states east of the Mississippi, and teachers all over the 
country are finding it a convenient and helpful work of reference as 
well as a good laboratory manual. It has been purchased in many cases 
for entire classes in high schools, normal schools and colleges and the 
indications point to a speedy exhaustion of the edition. Thus far, how- 
ever, only the cloth-bound yolume has been called for to any consider- 
able extent. 

Press notices of the book, and especially the critical reviews by 
technical journals. have been uniformly commendatory, and the only 
serious criticism thus far noted is the absence of a map of Michigan or 
of the Great Lakes Region, an omission which should be rectified if 
another edition is published. Of course many correspondents regret 
the absence of colored plates, but this was unavoidable. 

Aside from the work connected with the above publication, the de- 
partment has a large correspondence with teachers throughout the state 
and is called upon daily to give advice as to textbooks and laboratory 
manuals for all grades of schools, and to answer questions in natural 
history which teachers are unable to settle. We also serve as an in- 
formation bureau for farmers and others who are often anxious to know 
whether certain minerals, rocks, sands, clays and marls found on their 
own or neighbor’s lands are of economie importance. Thus during the 
past few months samples have been received which were supposed by 
the owners to be respectively gold, silver, iron, diamond, lead, zine and 
copper, besides numerous samples of supposed clays, marls, molding 
sands, etc. Of course most of these questions belong to the State Geolo- 
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gist, and all seemingly important ones are so referred, but in many cases 
simple inspection shows the material to be common mica, iron pyrite or 
ordinary river sand or brick clay, and the finder is at once informed. 

The writer has served for many years on the Board of Advisors of 
the Michigan Geological and Biological Survey, and as Secretary of 
the Non-Game License Commission, as well as on various lesser com- 
missions and boards, all involving more or Jess time and attention. As 
usual a few lectures and addresses have been given during the year be- 
fore schools, clubs and other organizations in different parts of the 
state, but press of college work has made it necessary to decline many 
such invitations. 


THE GENERAL MUSEUM. 


The General Museum serves two important purposes. It contains a 
large amount of valuable illustrative material which is constantly drawn 
upon in connection with the class work in zoology, anatomy and geology ; 
it also serves-as one of the strong attractions for college visitors, and 
in this way constitutes a factor of no small importance in the education 
of the public. From the nature of its growth its contents is necessarily 
of great’ variety and the different groups illustrated are by no means 
well proportioned. Formerly it included botanical specimens, models 
and samples of agricultural machinery, wax models of fruits, a col- 
lection of coins, and-a miscellaneous assortment of more or less in- 
teresting historical relics and other curios. 

As it became very crowded those entire collections which could be 
well placed in other departments were turned over to them and such 
objects as were merely curios, with little or no historical or instructional 
value, were placed in storage. Shorn of this extraneous material, the 
museum at present shows the public good examples of most of the mam- 
mals, birds, reptiles and fish of the state together with an attractive as- 
sortment of the more important minerals and rocks and a somewhat 
limited collection of fossils. Thousands of marine and fresh-water shells 
are not displayed for lack of case room, and the same is true of sev- 
eral thousand bird skins and eggs, and perhaps a larger number of 
fishes and marine animals preserved in alcohol. 

It has been our aim during the past fifteen years to make the col- 
lection of Michigan animals as nearly complete as possible, believing 
that not only our own students, but visiting citizens of this or other 
states ought to be able to find here good specimens of all the animals 
peculiar to the Great Lakes Region. From time to time graduates and 
friends of the college have made us donations of impor tant collections 
made in other states or even in foreign countries and these have been 
gladly received and placed on exhibition whenever possible. Among 
such donations within the past few years have been the large collec- 
tion of mounted Michigan birds and mammals, from the Broas estate, 
prepared by the late Levi Broas of Belding; two important collections 
of mammals and birds from Chili, S. A., presented by D. S. Bullock 
of the class of 1902; and two interesting and valuable collections of 
the invertebrate animals of Puget Sound, W ashington, made and pre- 
sented by J. M. Knapp, one of the first students. to attend the Michigan 
Agricultural College. 

Occasionally, it has been possible to acquire by purchase, at a nominal 
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figure, important collections which would help to balance our exhibits 
and greatly improve the educational value of the museum. Thus dur- 
ing the past winter about one hundred and twenty European birds were 
purchased in Germany and placed on exhibition. These should be of 
special interest to every student of English literature since among them 
are good specimens of the English and European birds most frequently 
alluded to in literature, thus” making it possible for students to com- 
pare European and American song birds, game birds, ete., and so to 
avoid the common mistakes which uninformed persons frequently make 
with regard to these birds, besides giving them a fuller appreciation of 
the extent and accuracy of the older British authors’ observation of wild 
life. 

It is a matter of constant regret that we are not able to employ a 
competent preparateur in connection with the museum, who could take 
care of all specimens received and also make systematic collections of 
fresh material for museum and laboratory. It frequently happens that 
we are compelled to decline the offer of valuable specimens “in the 
flesh” because there is no one at hand to prepare and preserve them and 
their condition makes it impossible to send them away to be mounted 
or otherwise prepared. An assistant who could do this work and also 
aid in part of the laboratory work in zoology and physiology would 
be a welcome addition to the department force and need not entail any 
great expense. 

Under present conditions neither the curator nor any member of the 
teaching staff is able to give regular attention to the museum during term 
time and as a result we are able to do hardly more than keep the 
collections in passable condition and prevent deterioration, so that the 
museum is not by any means as useful as it might be made. In some 
respects our collections are the best in the state and there is no good 
reason why the museum, located so close to the Capital, should not 
be made in every respect the best. 

Respectfully submitted, 
WALTER B. BARROWS, 
Professor of Zoology and Physiology 
and Curator of the General Museum. 
East Lansing, Mich., June 30, 1913. 


REPORT OF THE DEPARTMENT OF MILITARY SCIENCE. 


The President, Michigan Agricultural College: 

Sir—I submit the following as the report of the Military department 
for the year now closing: 

The instruction, both practical and theoretical, followed closely along 
lines pursued last year. The new drill regulations having been in use 
a year gave little difficulty. The Staff class was given advanced work 
and at the end of the year submitted some excellent theses. The Corps 
deserves credit for participating with unusual attendance in the Me- 
morial Day exercises and in the funeral of the late Professor Babcock. 
The congested condition of the Armory was somewhat relieved by hav- 
ing one company per day engage in target practice in the Post Office attic 
gallery. 
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The annual War Department inspection was made on May 6th by 
Captair James P. Robinson, General Staff, U. S. Army. His report 
has not yet been received. The exercises included regimental inspection, 
preceded by a review, battalion drills, company drills in close and ex- 
tended order, formation of an outpost and advance and rear guards, 
signalling by the Signal Corps, and litter drill and first aid demonstra- 
tion by the Hospital Corps detachments. <All of the drills and exer- 
cises were well done and the Corps of Cadets presented an excellent 
appearance. Of the seven hundred eighteen cadets on the rolls but 
fourteen were absent, nine being reported sick. 

The date of the inspection which has usually been about May 15th 
and which has always been objected to as too early, came earlier than 
ever this year, making it very difficult to show the Corps in a creditable 
manner. I believe the selection of the dates is left largely to the officers 
who make the inspection and that a protest lodged with the War De- 
partment about March first would induce them to delay two or three 
weeks. 

In order to sustain interest until the end of the term the annual com- 
petitive drill was held several weeks later than usual. Captain R. O. 
Ragsdale, 3d U. S. Infantry, Inspector-Instructor, Michigan National 
Guard, acted as judge and awarded places as follows: first, to Company 
“1),” Cadet Captain E. C. Spraker; second, to Company “B,” Cadet 
Captain G. L. Lardie; third, to Company “BH,” Cadet Captain K. K. Vin- 
ing. On the following day the Corps ‘was reviewed by Major R. C. 
Vandercook, the Adjutant General of Michigan, who presented the medal 
to the captain of the prize company. 

At the close of the year, Cadet First Lieutenant H. M. Ward, Com- 
pany “M,” was appointed a Third Lieutenant in the Philippine Con- 
stabulary. 

Our Cadet Band, still under the efficient direction of Assistant Pro- 
fessor A. J. Clark, completed what was probably its most successful 
year. It had a larger membership than ever before and was provided 
with a number of fine new instruments. The Bugle Corps, also under 
Director Clark, was furnished with twenty-four new bugles and did 
very good work. 

Sergeant P. J. Cross, U. S. Engineers, retired, completed his third 
year as assistant to the Commandant and instructor in military science, 
and rendered valuable assistance throughout the year. 

T again renew the recommendations that have come to you year after 
year, viz: that better facilities for both indoor and outdoor instruction 
be provided at the earliest possible date. The proposal to set aside a 
portion of the ground to be acquired in the vicinity of the athletic field 
will not, in my estimation, help very much. The time lost in going and 
coming, taken out of a period already too short, will be serious. Further- 
more, to sustain interest the ceremonies and close order drills must 
always be held on the present grounds, and it is impossible to have 
satisfactor y parades so long as the central group of trees remains where 
Kt iS. 

T also recommend that the drill hour be increased fifteen minutes. The 
present period of fifty-five minutes is reduced to forty minutes of actual 
work, since ten minutes are used by the cadets in getting into uniform 
and to the drill grounds and five minutes more are lost in calling the 
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rolls. On account of darkness and cold the drill hour during the fall 
term should be the first period in the afternoon. 

I recommend that the allowance for cadet officers and bandsmen of 
the senior class be increased from $2.25 to $3.00 per term. Very few 
of the seniors require the drill credits allowed but most of them find 
the money allowance acceptable in view of the expense involved in 
uniform alterations and the purchase of sabers, shoulder straps, collar 
ornaments, cap strap, and extra collars and gloves. I believe it would 
also be well to award to the captain of the prize company a medal 
which is to remain his personal property. 

In conclusion I have to state with regret that under the new law 
limiting the detached service of officers of the Army, my tour at this 
institution comes to an end today. My experience here has been an 
interesting and valuable departure from Regular Army routine. I be- 
speak for my successor, Lieutenant J. B. De Lancey, 7th Infantry, 
who should report in a few days, your most generous consideration and 
support. Very respectfully, 

A. C. CRON, 
1st Lieutenant, 10th Infantry, 
Professor of Military Science and Tactics. 
East Lansing, Mich., June 30, 1913. 


REPORT OF THE LIBRARIAN. 


President J. L. Snyder: 

Dear Sir—I have the honor to present the following report on the 
library for the year ending June 30, 1915: 

There have been added to the library during the year 1254 bound 
volumes of which 857 were purchased, 322 came by binding, and 75 
were gifts. 

For bound volumes presented to the library we are indebted as fol- 
lows: 


American Public Health Ass’n., 1. Massachusetts, 3. 
American Veterinary Medical As- Maine, 1. 


sociation, 3. Missouri Botanical -Gardens, 1. 
Barrows, Prof. W. B., 1. N. Y. Central Railroad, 1. 
Biltmore Forest School, 1. National Lumbermen’s Ass’n., 1. 
Connecticut, 2. Pattee, A. F., 1. 

Doubleday, Page & Co., 1. Pennsylvania, 2. 

Fisk. C. K.. 1. Raymond, Prof. G. L., 1. 
Halligan, Prof. C. P., 1. Sanderson, R. R., 1. 
Indiana, 2. | Schuette, H. G., 1. 
Interstate Commerce Commission, Smithsonian Institution, 3. 

S: Tennessee, 1. 

Towa, 3. U. S. Dept. of Agriculture, 3. 
Kains, M. G., 1. Wilson, Prof. V. T., 1. 
Kansas. 2. Williams & Fisher, 1. 
Librarian, U. S. Dept of Agricul- Wisconsin, 1. 

ture, 4. West Virginia, 1. 


Michigan, 25. 
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The large number 


ments is not included in the above. 
cultural Building, and uncatalogued. 
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of publications received from the Supt. of Docu- 


They are in storage in the Agri- 


In the reading room are plae ed a large number of periodicals, both 
foreign and domestic, which are either purchased by the college, or re- 
ceived from publishers as gifts, or in exchange for our own publications. 

The following is a list of exchanges and gifts from publishers: 


Advocate of Peace. 

Agricultural Gazette N. S. Wales. 

Agricultural Journal of S. Africa. 

Agricultural Ledger, Calcutta. 

Agricultural Student’s Gazette. 

Allegan Gazette. 

American Cheesemaker. 

American Economist. 

American Hay, Flour & Feed. 

American Hereford Journal. 

American Iron & Steel Institute, 
Bulletin. 

American 

American Miller. 

American Perfumer. 

American Poultry Advocate. 

American Review of Tropical Ag- 
riculture. 

American Sheep-breeder. 

American Sugar Industry. 

American Swineherd. 

American Thresherman. 

Pan-American Union. 

Armada Graphic. 

Australasian. 

Bay City Times, Daily. 

Bear Lake Beacon. 

Belding Banner. 

Benton Harbor News Palladium. 

Berkshire World & Cornbelt Stock: 
man. 

Better Fruit. 

Blue Valley Bulletin. 

Buffalo Express. 

Canadian Farm. 

Canadian Forestry Journal. 

Canadian Horticulturist. 

Canal Record. 
Carlisle Arrow. 

Chicago Daily Farmers’ & Drovers’ 
Journal. 

Christian Science Monitor. 

Cincinnati Weekly Enquirer. 


Issue. 


Clinton Republican. 

Cold. 

Commercial Fertilizer. 

Congressional Record. 

Corn. 

Cosmopolitan Student. 

Daily Consular Reports. 

Daily Drovers’ Journal & Stock- 
man. 

Dairy Record. 

Dakota Farmer. 

Democrat & Chronicle. 

Dry Farming. 

Duroe Bulletin. 

Etude. 

Farm and Fireside. 

Farm and Home. 

Farm and Ranch Review. 

Farm Life and Agr’l Epitomist. 

Farm Stock and Home. 

Farmer and Breeder. 

Farmers’ Advocate. 

Farmers’ Guide. 

Farmers’ Voice. 

Field and Farm. _ 

Florists’ Exchange. 

Flour and Feed. 

Fruit Grower. 

Fruitman and Gardener. 

Gleaner. 

Grand Ledge Independent. 

Grape Belt. 

Guernsey Breeders’ Journal. 

Hardwood Record. 

Hastings Banner. 

Hawaiian Forester. 

Hoard’s Dairyman. 

Holstein-Friesian Register. 

Holstein-Friesian World. 

Homestead. 

Horseshoer’s Journal. 

Horse World. 

House and Garden. 
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Imlay City Times. 

India, Agr’l. Journal of Agr’l. 
Research Institute of Pusa. 
Agr’l Research Institute. 

Memoirs. Bacteriological Ser. 
Botanical Series. 
Chemical Series. 
Entomological Series. 

Indian’s Friend. 

International Institute of Agricul 
ture, Bul. of Economics. & Social 
Intelligence. 


Italy, Societa degli Agricotori 
Italiana. 


Jersey Bulletin. 

Jewish Farmer. 

Johns Hopkins University Cireu- 
lars. 

Journal of Agriculture, Australia. 

Journal of Agriculture, Victoria. 

Journal of Amer. Bankers’ Ass’n. 

Journal of the Board of Agr’). and 
Fisheries. (London). 

Journal of the College of Agricul- 
ture, Tokio. 

Journal Dept. of Agriculture, S. 
Australia. 

Kalamazoo Telegraph. 

Kansas Farmer. 

Kimball’s Dairy Farmer. 

Labor Digest. 

Lansing State Journal. 

Lewiston Journal. 

Lincoln Freie Press. 

Lister Institute of Preventive Med- 
icine, Transactions. 

Livestock Report. 

Manton Weekly Tribune. 

Mark Lane Express. 

Market Growers’ Journal. 

Michigan Dairy Farmer. 

Michigan Farmer. 

Michigan Mirror. 

Midland Naturalist. 

Midland Republican. 

Moderator-Topics. 

Monthly Bulletin State Commis- 
sion of Hort., California. 

Musical Courier. 


National Grange Monthly. 

National Stockman and Farmer. 

N. Y. Meteorology. (Draper’s 
Hourly readings.) 

N. Y. Produce Review. 

Northwest Horticulturist. 

Nut-Grower. 

Official Gazette, U. S. Patent Of- 
fice. 

Ohio Farmer. 

Oklahoma Farm Journal. 

Orange Judd Farmer. 

Oregon Agriculturist. 

Osceola County Herald. 

Our Dumb Animals. 

Owosso Press American. 

Pacific Dairy Review. 

Park and Cemetery. 

Peru Today. 

Petosky Indept. Democrat. 

Philippine Agr’l. Review. 

Philippine Journal of Science, 
Series A. B. C. D. 

Poultry Keeper. 

Poultry Tribune. 

Practical Dairyman. 

Practical Farmer. 

Prairie Farmer. 

Proc. Amer. Philosophical Society. 

Progressive Farmer & Southern 
Farm Gazette. 

Public Service. 

Publicity Magazine. 

Records of Australian Museum. 

Rhodesia Agricultural Journal. 

Rockefeller Institute for Medical 
Research. Studies. 

Rural New Yorker. 

Russia, Annales de l'Institut Ag- 
ronomique. 
Jl. for Experimentelle Landw. 

Saginaw Daily News. 

St. Joseph Daily Press. 

Salt Lake Herald Republican. 

Sao Paulo, Boletim de Agricultura. 

Shepherd’s Journal. 

Southern Cultivator. 

Southern Fruit Grower. 

Special Crops. 
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Spokesman Review. West Indian Bulletin. 
Standard Poultry World. Western Society of Engineers, 
Successful Farming. Journal. af 
Thresherman’s Review & Power Williamston Enterprise. 

Farming. Wilson Bulletin. 
Tuscola County Advertiser. Woman’s Journal. 
Wallace Farmer. Yale Review. 


The publications of the U. S. Dept of Agriculture, and the bulletins 
of the various experiment stations, together with the card indexes 
which cover them, are received and filed in the library. We also re- 
ceive and file the catalogues of the leading educational institutions of 
the country. 

The number of -books drawn from the library during the year was 
7886, an average of 657 books per month. The largest number, 967, 
were drawn in January, 1913. The smallest number, 107, in July of 
1912. Fines to the amount of $24.75 were collected and placed to the 
credit of the library. 

Our assistant, Miss Bessie Palm, has performed her duties satis- 
factorily and remains another year. For our student assistants, we 
have only words of commendation. Mr. C. B. Olney had charge of 
the library evenings and Sundays during the first two terms of the col- 
lege year, and was succeeded by Mr. R. D. Jennings who had charge 
during the spring term, and who will continue with the library next 
year. 

To the library of the Experiment Station 155 books have been added. 
Of these 96 were purchased, 58 came by binding, and 1 was a gift. The 
main library now numbers 32,729 bound volumes. The Experiment Sta- 
tion contains 4582 volumes. Total in both libraries, 37,311 bound vol- 
umes. ‘This number includes all books belonging to departments, so 
far as they have been catalogued. 

Respectfully submitted, 
LINDA E. LANDON, 
Librarian. 
Kast Lansing, Mich., June 30, 1918. 


REPORT OF THE DEPARTMENT OF PHYSICAL CULTURE. 


To the President: 

Sir—I have the honor to submit the following report of the Depart- 
ment of Physical Culture and Athletics for the year ending June 30, 
1913. 

It has been the’aim to induce as large a number of students as pos- 
sible to take advantage of the helpful exercise and athletic contests 
managed by this department. Contests between classes, dormatories, 
societies, etc., have been encouraged that the greatest possible number 
might be physically benefitted. A regular gymnasium class was held 
during the winter and in spite of the limited apparatus and the other 
poor gymnasium facilities, much interest was shown and a large num- 
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ber of students, from all classes, attended regularly. Cross-country 
running and basketball also received much attention and with the gym- 
nasium class furnished abundant exercise for a great many during the 
winter months when physical exercise is almost imperative. However, 
this work has been materially curtailed by the absence of a suitable 
gymnasium and I wish to urge upon you the immediate necessity of a 
modern building in keeping with the general progress and standards of 
this college. 

Teams ‘Tepresenting the college in the various competitive sports have 
acquitted themselves with much credit. Under keen competition indi- 
viduals have manifested loyalty to the college, gentlemanly conduct and 
absolute fairness at all times, and more than one contest now recorded 
as lost was a moral victory for the team and the college it represented. 

The football team was especially strong, winning all but one game 
in an extremely strong schedule. The decisive victory over Ohio State 
University brought the college much recognition and has resulted in 
the further inclusion on our schedule of Wisconsin and South Dakota . 
Universities. In basketball the college was also represented by one of 
the best teams in its history and again the state championship was 
easily won. The track and baseball teams also made excellent records, 
the latter with injured pitchers winning eleven out of eighteen games 
including Ohio State, Kentucky, and Syracuse Universities. 

One of the most important athletic events was the Interscholastic Meet 
held here under the sanction of the Michigan Schoolmasters’ Associa- 
tion. Nearly fifty schools were represented by over three hundred 
athletes. The meet was very successful and it not only aids in in- 
ducing many desirable men to enter the college but it proves of infinite 
value in the way of best advertising for the college. 

The blanket tax, inaugurated at the beginning of the year, has fully 
justified its adoption. Tt has produced a commendable spirit in the 
school and has given the teams the support of the entire student body 
instead of the comparatively few of previous years. Because of the 
lessened expense it has privileged every student in the enjoyment of 
sport. The added income has resulted in better equipment, the forma- 
tion of a “revolving fund.” The students are very enthusiastic over 
this tax and I heartily recommend its continuance. 

The following is a statement of receipts and disbursements from 
Sept. 22, 1912, to June 11, 1913, inclusive. 


RECEIPTS. 


Fall Winter Spring 

term. term. term. Total. 
BEMGeRT, (FOG. i iter k > was $2,161.67 $2,053.31 $1,938.34 $ 6,153.32 
Gate TECQipts) kin +.. ci. siaane 1,503.99 84.50 446.75 2,035.24 
Beason. TICKETS) 65 66s sr es 44.00 2.00 » 38.00 84.00 
Guarantees by contracts .. 1,794.48 472.00 477.25 2,743.73 
Miscellaneous ........:... 176.65 50.17 92.38 319.20 


Potala 2 Ad eect ss $5,680.79 $2,661.98 $2,992.72 $11,335.49 
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DISBURSEMENTS. 
Refund to students ....... $ 1047 §$ 9.99 §$ 6.50 §$ 26.96 
Guarantee by contracts ... 2,105.28 320.00 1,838.56 3,763.84 
SRC USTIV OS 5 acu acs Sw ws oo. cle © 540.16 65.00 .- 110.00 715.16 
MADR aS oo ois ws apes esha “avatalen dic ells 187.33 5.00 192.33 
Traveling expenses ........ 758.43 745.08 732.57 2,236.08 
General supplies ......... 730.22 296.45 811.89 1,838.06 
Wiiee Supplies: ....1..5..5.. 11.00 20.10 2.00 33.10 
OCI rae 65.90 27.25 12.65 105.80 
Loan prior to Sept. 22, 1912 200.00 200.00 
Miscellaneous (a) ........ 879.12 147.74 137.10 1,163.96 
MOLINA eiee cncie Son ye $5,487.91 $1,631.61 $8,155.77 $10,275.29 
He TICE Cec IT CCS 9 Md cee 0 ES ee $1,060.20 
Prep ACE POVGlV MO! MME: 2s See cs caress dielgiele ecco 6 vis deese $250.00 


(a) Includes $300.00 set aside for “Revolving Fund.” 


The great number of students taking advantage of athletic training 
during the year made necessary the services of an assistant coach, 
which position Mr. I. J. Cortright has filled in a very commendable 
manner. 

Respectfully submitted, 
J. F. MACKLIN, 
Director of Athletics. 
East Lansing, Mich., June 30, 1913. 


REPORT OF THE DEPARTMENT. OF METEOROLOGY. 


President J. L. Snyder: . 

Dear Dr. Snyder—I have the honor to report as follows regarding 
the work of the Department of Meteorology for the fiscal year just 
closed : 

Thirty-seven students elected this subject for the fall term of 1912. 
I believe this term’s work was the most satisfactory of the three so 
far given. This was due largely to two causes, the use of a valuable 
new text book “Milham’s Meteorology,” and second on account of the 
fact that the class was smaller and the laboratory work could be car- 
ried on more successfully. 

The aim has been each year to give the students a good, practical 
knowledge of the subject. 

Very respectfully, 
‘DEWEY A. SEELEY, 
Instructor in Meteorology. 
East Lansing, Mich., June 30, 1918. 
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Meteorological observations for the month of July, 1912, 
Lansing, Michigan. 
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at Agricultural College, East 


Temperature. (Degrees Fahrenheit.) Precipita- 
tion. Percentage 
Date. (In inches Character of day. of possible 
and sunshine. 
Maximum. | Minimum. Mean. hundredths.) 
Ltrs rcictcictetssfocve sisteisiaye 81 47 64 0 | Partly cloudy........... 92 
RP pe ettoi = Wiviels ce Sispe. save 86 58 72 0 | Partly cloudy........... 95 
deere tetetetate versie lovers sYewie's/siale 85 66 76 Olas. Clond yes one te tte 74 
OO SQOOROTEO UD AO EAGr oe 89 65 ads 0 | Partly cloudy........... 67 
DMS Se nee aide Noes 89 71 80 sOlG PCloudyenntiee.s ccs erase 59 
(asc eat aC EADS O noone 89 69 79 eS Cloud Visor eerie cee 47 
MEIC ag els calelalsisisjetyieis wie 86 69 78 ROSm |e Cloudy,cseenetre caren: 77 
Botice as Rcseraps tes! ui ce'e tet 89 68 78 =1'1.|' Partly cloudy..<.:....... 68 
Meio arora cotta rcrueasysiniets 90 69 80 Oo | pRartly cloudyacses-. cece 84 
LU) Pees eicterertresi cis idie ePererets's 85 69 HEL On| R@loudyaveseemeen serene 76 
Map enor tsy Salon's sPuSersle ose" 82 63 72 Q | Partly cloudy........... 64 
ect see etercsk ainda erat cfs aiefas 85 60 72 0 | Partly cloudy........... 73 
1146s) eae Re en 81 65 73 af2 | Partly cloudy........... 30 
NAMI REVNS rat eR tel clols afore. 86 61 74 Oule@@lear"entee section, 77 
MO potee state ators. sfats's viele stele 85 52 68 0 | Partly cloudy........... 60 
AG a ec isten steers sie 78 43 60 O85 Clear vctectoeiie ete. 100 
NGM taereeistin tants 84 59 72 ONE Cléarseincec nc mekitoncce 100 
UMM: tieccaicvawcumelcs 67 52 60 LG ME Cloud yeenece sceeeoeene 15 
HOE ryaisterciieiee slinlecterstea's 68 43 56 0 | Partly cloudy.:......... “74 
O10), ACR aE o ORE OES 63 52 58 .83 OUD Aeciatis sen oetioece 0 
Derren ncwieloleeudete fete 69 60 64 Bam te CLOUDY ser cies cteleleeeictelee ll 
Ae Son Shee ataye are'oure 78 56 67 0) |) Partly \cloudy:.< s.200-. (HY 
Pc Sersiar cine hci eielee eve 76 58 67 BOL Cloudy antconsereecie cen cle 37 
DARE ein ent. b etXemisinlvlate 84 68 76 Taba Cloudyarcer cece cent 45 
DW cece cietisld cle aise 82 61 72 On|PPartlycloudyz, ss.eeecns 61 
DD Re ciaece een ete 74 56 65 On| Cloudyscace-cceeree eee 24 
DME Pte ethos avers noes bcs 78 52 65 OnluCleansecne. Leek een tes 100 
DOnenO me Neos tenia uen 79 60 70 nO44 i Cloudyananccchoceenn one 24 
DOME NS orice bic bs seks 75 57 66 ROMS a@loudyzresceeeeneeeee e 56 
ep rolelanie acta etaalels wisiz ws 75 53 64 S43 Cloudyasscosneneeen nee 50 
Oo een fentaic tak icleetoe tale 68 48 58 0 | Partly cloudy........... 97 
: Total. 
INVERN sete rae schooler 30.2 59.0 69.6 DOGS leas ciereraevers cits ss ete se ce 62 


ArmosPHERIC PressurE.—(Reduced to sea level; inches and hundredths.)—Mean, 30.01; highest, 30.35; date, 19; lowest, 


29.69; date, 24. 


TEMPERATURE.—Highest, 90; date, 9; lowest, 43, date, 19; greatest daily range, 35; date, 16; Least daily range, 9; date, 21. 
Winp.—Prevailing direction, southwest; total movement, 3,475 miles; average hourly velocity, 4.7: maximum velocity (for 
five minutes) 20 miles per hour; from south on 13. . 
WeratHer.—Number of days, clear, 4; partly cloudy, 13; cloudy, 14; on which .01 inch, or more, of precipitation occurred, 14. 
MiscELLANEOUS PHENOMENA (dates of).—Auroras, 0; halos: solar, 12-19; lunar, 0; hail, 0; sleet, 0; fog, 14-22; thunderstorms, 


3-6-7-8-12-13-23-24-28-29-30. 
*Frost.—light, 0; heavy, 0; killing, 0. 


Norr.— 


‘T”’ indicates trace of precipitation. 


*Frosts are not recorded after the occurrence of “‘killing.” except in Florida and along the immediate coast of the Gulf of Mexico. 
DEWEY A. SEELEY, 
Local Forecaster, Weather Bureau, 
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Meteorological observations for the month of August, 1912, al Agricultural College, East 
Lansing, Michigan. 


Temperature. (Degrees Fahrenheit.) | Precipita- 


tion. Percentage 
Date. I ninches Character of day. of possible 
2 an sunshine. 
Maximum. | Minimum. Mean. hundredths.) 
| | 2 ee ee SRI 
eres omterd dak cores «cians 68 49 58 SOL: |" Clowdyzs- ae. e oe ete 80 
7 ir A eae IM 65 48 | 56 BOL Goudy 2-2 ne ee wees oe 41 
DB etale ae ae fee ota | 63 46 54 Oh RClondyattese ce eee 40 
[ar ee aches: 70 48 59 0 | Partly cloudy........... 99 
LT aR aS Sr al | 70 50 60 0 | Partly cloudy........... 90 
Cle Saer aee ae e 76 56 66 Ol (Cloudywees == aeeeconn ce 48 
Darin SOR eee ae 79 62 70 AOS ie Goudy te ne rte err 42 
Qo sasncbrenasec os wanes 81 64 72 513s |AClOUDY ne chee esate 38 
GOR Ae on ee. 79 65 72 PISy|e Cloudy steerer e 19 
IU: OSS AR Oe Atenas | 76 60 68 MISE: Clondye-eeee ota ate oa 73 
DU Raion cle aac a nate ale - 74 61 68 ese) |i Cloudyarcaceececns aeses 51 
1 ea RN koh ae ee 80 60 70 .01 | Partly cloudy........... 87 
Nh Somclants Sabeene enon titer 83 67 75 O's) (Clear teats tos Setenar eects 84 
DA sarees atid Semen ce wee 80 59 70 Ou Glee scone sees oot 99 
GPE ae Se 2 ee ee 70 51 60 Ob iGleate: mas ote coe. aces 86 
LG sieticotaiai caine hah erent 72 48 60 OultGlearan. cet cesta: 99 
LY (SABE AAO Aer oe ees | 74 53 64 Os Cloud yar cee aot. rate 26 
Sees atte teste sctios oes | 82 65 74 296) |MCloudy: secee aoe oats ote 57 
OR Baer arene 73 64 68 250i) (Cloud y.cc.neaceceeccres 17 
PAN ap Sea arscner oe aaa 83 64 74 OP Cloudy Feces. cance ce 58 
PULTE cr OO. Nooo 78 59 68 0 | Partly cloudy........... 79 
De ote ae ae ee eect 76 56 66 .O1 | Partly cloudy............ 60 
A eee On 68 49 58 0 | Partly cloudy........... 78 
Ce ic AOAC ABER 86 48 67 0) Clear ei Peon ene 100 
PA pa a ae eee a ae | 88 69 78 O. Clear ay erate ee 84 
AO istic hots totic vor eres 85 56 70 Qi) Clear ’7. enc Snare tie sete 79 
74 (oe OO ee Ra AS RO A 68 48 58 O) |n@lears ee sctee cca 100 
eget cere Se a Ee 64 53 58 Ul CLOUD Ys tinsale </ce eretalere: seve 9 
7 ein ee, oa a 71 52 62 0 | Partly cloudy........... 55 
DU eee ee oN ees 66 47 56 -O1 iG \ ARBOR peeanarcess 14 
OU Ec S oc cete eee 89 60 74 OM) Clear: cach seccties acters 93 
Total. 
Mean Jesiente ouieciees 75.4 56.0 65.7 DE 19) asssciceiatetsteracece Ss ences a @ eleiece 64 


Bc at Pressure.—(Reduced to sea level; inches and hundredths.)—Mean, 29.94; highest, 30.26; date, 5; lowest, 
.56; date, 22. 
Tempera TUuRE.—Highest, 89; date, 31; lowest, 46; date, 3; greatest daily range, 38; date, 24; least daily range, 9; date, 19. 
Wiyp.—Prevailing direction, northwest; total movement, 3,729 miles; average hourly velocity, 5.0; maximum velocity (for 
five minutes) 22 miles per hour, from south on 28. Nee 
WeatHer.—Number of days, clear, 9; partly cloudy, 7; cloudy, 15; on which .01 inch, or more, of precipitation occurred, 14. 
MIscELLANEOUS PHENOMENA (dates of).—Auroras, 0; halos: solar, 22-26; lunar, 0; hail, 0; sleet, 0; fog, 19-20; thunderstorms, 
8-9-10-18-25-26-28-30. *Frost: light, 0; heavy, 0; killing, 0. : 
Notr.—‘‘T” indicates trace of precipitation. 
*Frosts are not recorded after the occurrence of “killing,” except in Florida and along the immediate coast of the Gulf of 


Mexico. 
DEWEY A. SEELEY, 
Local Forecaster, Weather Bureau. 
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Meteorological observations for the month of September, 1912, at Agricultural College, East 
Lansing, Michigan. 


| 


Temperature. (Degrees Fahrenheit.) Precipita- } 
tion. | Percentage 
Date. ——_ | (In inches Character of day. | of possible 
an | sunshine. 
Maximum. | Minimum. Mean. hundredths.) 
| — 
Bee isiard ase aleifa cute oct 84 73 78 Q:|Partly cloudy. %.-.-:.. 61 
Dene al totycersiaverctareial vi eerste’ 87 68 78 ale U@loudysnse iw scaesanes 73 
AAP eyoyas sis, stoeare ac ck sf ecdlane 81 63 72 Out@lear ac ncstauaacde sere 89 
AA Bae Me stare ciaeaaiete 83 61 72 0 | Partly cloudy...........} 56 
Byes Saracietee aries odesas 91 66 78 a Zn bartlyscloudy-:22 seme 67 
Gets stele Sho Shneis, ears v0 90 66 78 Ol | t@lear: = 2a fees taamees 100 
TIO rs fod ea ee Set os 83 57 70 OR Clears: Se Sot eens See 96 
Bee nese ce siewe sce 88 57 72 On (Gleason as aed tas hee = 100 
eoe ee Gb COREE Eee 92 63 78 On| *@lear’ T2952 Mee bee. cee 85 
HOM es crrike scape ad as 91 63 77 OST A@lear sean geese sess coe 100 
Retin aas eects cee s 73 50 62 VSal Clear se. s2e.2 ceureecs 87 
Remtitre castes oncneresn: | 74 45 60 Owla@@leare S258 eossb5 Se 100 
See ei nyhaatse. Sas acres 74 52 63 OMIMCloudys.. sessed et aeoc. 63 
las. Se ere, 71 61 66 205% | @loudyx6 ee eae detecie esis 19 
M Dev tcreeuiaaseiioas ones 70 56 63 SHE MClond ye. Gveniec ssc 2 8 
GA e a cists sais seers ect 69 48 58 OB R@leartrs tre sels scee ci 100 
life Guide. cid Been GEE 61 53 57 Oil] COlOUdYtsnic cwiaaee sects oe i 0 
LSS eel ty syajers Acton « 69 50 60 HOG) \M@loudye.2: areas. ccs coe 41 
i Nout, See 60 48 54 Ose @loudync s25.fe ces osce8 23 
Oe aa A chisinne cis se 71 49 60 ORS Cloudy: ehh.sse tect 45 
2 ri, ROCCO ERROR TET REI 77 58 68 1095) |"Partly cloudy. = -...::..: 75 
2 2 ST OS TE ee erOre 63 47 55 94 | Partly cloudy........... 32 
7 GOES RES ane 71 42 | 56 OF SWleannaas saecesecactaes 98 
2 ES a OO BT Ee ees 71 47 59 Ov|ECloudy.tcae0 sscne-0 ones 29 
2G: ae Sab CO ae eas 78 51 64 Onli@loudyé-pee. cs tse ee cee 45 
The ob Oe RSE SCE 54 35 44 OW (Cloudyccn8e cnc exsocu toe 65 
DERE Cah aiceeds 56 32 44 Ou Gloudyy aseries, eo.cec eines 61 
OA bic: Ce RS Ca TEE Eee 46 39 42 POO Ms Cloudvencemas ceca. sence 0 
OMe thie a kere a taveitis 54 36 45 OW Clear accmasate tenes ob 100 
BO Mepsi cetrecracis a cloaierid oche 58 37 48 OnjaCloudyses sascoeee esse 47 
| Total. 
NIG Seen eA 73.0 52.4 62.7 HBOS lee tas ot ee nen tees 63 


: MOREEERIC PressurE.—(Reduced to sea level; inches and hundredths.)—Mean, 30.03; highest, 30.39; date, 28; lowest, 
9.71; date, 18. 

TrMPERATURE.—Highest, 92; date, 9; lowest. 32; date, 27; greatest daily range, 31; date, 8; least daily range, 7; date, 28. 

Winp.—Prevailing direction, southwest; total movement, 3,166 miles; average hourly velocity, 4.4; maximum velocity (for 
five minutes) 22 miles per hour, from northwest on 5. 

WraTHER.—Number of days, clear, 11; partly cloudy, 5; cloudy, 14; on which .01 inch, or more, of precipitation occurred, 13. 

MiscELLanrous PHENomENA (dates of)—Auroras, 0; halos: solar, 4; lunar, 0; hail, none; sleet, 0; fog, 4-23; thunderstorms, 
2-5-10-11-17-21. *Frost: light, 0; heavy, 27; killing, 0. ~ 

Norre.—‘‘T” indicates trace of precipitation. a. 

*Frosts are not recorded after the occurrence of “‘killing,” except in Florida and along the immediate coast of the Gulf of 


Mexico. : 
DEWEY A. SEELEY, 
= Local Forecaster, Weather Bureau, 
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Meteorological observations for the month of October, 1912, at Agricultural College, East 
Lansing, Michigan. 


Temperature. (Degrees Fahrenheit.) | Precipita- 


tion. Percentage 
Date. (In inches Character of day. of possible 
an sunshine. 
Maximum. | Minimum Mean. | hundredths.) 
60 39 50 Oy} Clears). oe. sscces one 100 
68 38 53 0) Glearsss22 en sen 100 
58 47 52 219)! Clondyes-4. oes tenses 5 
74 46 60 Ol Clear 252 0a. cee be 88 
77 42 60 O.)| Clear Mee aseics. coaaese 100 
80 55 68 0] lear. cee ei. wero oae 100 
68 36 52 0'|| }Clear: s25.: 2:2 eraees eee 79 
54 34 44 wok NN GIONEY cs c:erorceanec ie’ ee 36 
65 45 55 NBS CIOUAG. oc sje cena a Coie 9 
56 51 54 102: || (Cloudy. <5: 00525 0..te85% 0 
68 53 60 SOM CLOUD Waco, heres natcseteles ate 23 
70 40 55 .24 | Partly cloudy........... 29 
60 38 49 (0) |. Clears eee r cs ccace ae 96 
61 37 49 O:|\ Clears 250) ee28e tee cae 100 
55 32 44 0; || \Glear.22- 5-225 nee 100 
60 29 44 0!) Clear Shee rte cies cect 100 
69 41 55 OM Olea oe oc aoe cee 99 
65 52. 58 “10:)| (Cloudy. 5:+se-<sen 22. Seen 0 
57 33 45 O07] Clear a. keer cs. ctr 85 
58 29 44 Of Clear. O22. A228 Ooo ance 100 
72 42 57 Ol Clears. vs cmetere ciselea se 94 
61 43 52 £53:)| (Cloudyis.c-ne nae ne neta 2 
46 34 40 OM Cloudys223 -t.zctecce ave 1 
55 29 42 0 lear Pho su.5 eee 85 
61 32 46 O'll SC lear peste, a care ee 100 
58 34 46 0) || Clear. oo2. 2... = 100 
63 36 50 0 | Partly cloudy 67 
67 36 52 0 | Partly cloudy 68 
67 44 56 -12 | Cloudy.... 48 
45 31 38 0 | Cloudy.... = 0 
39 29 34 G6: Cloudyee ts. 51-5 aocerac 0 
| 
Total. 
Mean = $io2 Se rycconee 61.8 38.9 50.4 Osde Nl NL Jecns cottcaccmetenaes 62 


foapiterer4 PressurE.—(Reduced to sea level; inches and hundredths.)—Mean, 30.06; highest, 30.48; date, 16; lowest, 
29.71; date, 18. 
TemMPERATURE.—Highest, 80; date, 6; lowest, 29; date, 20; greatest daily range, 35; date, 5; least daily range, 5; date, 10. 
Wrixp.—Prevailing direction, southwest; total movement, 4,512 miles; average hourly velocity, 6.1; maximum velocity (for 
five minutes) 28 miles per hour, from west on 12. 
WeatHer.—Number of days, clear, 17; partly cloudy, 3; cloudy, 11; on which .01 inch, or more, of precipitation occurred, 10. 
MIscELLANEOUS PHENOMENA (dates of).—Auroras, 0); halos: solar, 21-25-28; lunar, 0; hail, 0; sleet, 0; fog, 4-28-31; thunder- 
storms, 9-11-12-22. *Frost: light, 2-13-14-15; heavy, 8; killing, 16. 
'  Nore.—“T”’ indicates trace of precipitation. : ; j 
*Frosts are not recorded after the occurence of “killing,” except in Florida and along the immediate coast of the Gulf of 


Mexico. 
DEWEY A. SEELEY, 
Local Forecaster, Weather Bureau. 


METEOROLOGICAL TABLES. 


119 


Meteorological observations for the month of November, 1912, at Agricultural College, East 
Lansing, Michigan. 


= u — = —— 
Temperature. (Degrees Fahrenheit.) Precipita- 
Ma tion. Percentage 
Date. — (In inches Character of day. of possible 
and supshine, 
Maximum. | Minimum. Mean. hundredths.) 
Ul sacks SRG aANEaanereens 37 26 32 S50 CloudVicrnr ateitseteciniacs 10 
te lets epetcociats ys erode 34 26 3 OM Cloud ys ooh aici crasas set ne 2 
ated a clay siuievats aa cvorere 44 26 35 OM @leax <2 2 ace .crat cw stosrat 100 
terete rahe eiareratabarssereys 50 35 42 0 | Partly cloudy...........- 26 
Pera ernest Mi stance icierore 59 40 50 | 2 D4 MG loud year wera tora eetrerr 69 
(ae Sean SEE 53 41 47 1.02 0 
USCe tua CORCRER Caer 48 32 40 0 79 
REIN eee seine cistnataes 52 33 42 .03 42 
Qtek cares craven cvecaiave 44 | 37 40 03 32 
1 os cons GaSe aaa eee eee 60 38 49 0 74 
Meta ety a Juaheyecavavaration evesas 67 47 50 0 90 
Merete Sercieloic Srocrorsieiaichevs 62 52 57 .04 9 
Sere sre sicveilslersvolvies. © 58 33 46 .59 0 
PME Af Wastrsiaosarccckors 33 25 29 07 0 
Me iseteteeteeloursieveicts crates 37 25 31 0 71 
LG RRSP: Lirscsiasetiseis aie 45 24 34 0 63 
i Wise ASG GAR GR AR StIErE Bees 41 29 35 0 13 
IS Speer GUae oes aes 49 29 39 0 94 
ORR rrte cake, cao aterarsyilty chews 55 33 44 0 94 
7). cops SeBdipAe Bec aeeee 61 32 46 0 53 
BREASTS sistas eystele accyoe'G) sree 54 29 42 0 100 
VIP. ai ces ee Re Eee 50 29 40 0 95 
vate SNES acistawie betes ied 46 oo 40 08 27 
AC orto tai sis oxcisieenvers 33 29 31 13 if 
2a SR SCOTTO RECN D ORE 33 29 31 0 0 
OMe e eee fetelaiclors onvtoig se 33 29 31 ii 0 
30 21 26 0 12 
32 19 26 0 66 
36 29 3 0 ll 
48 24 36 0 100 
Total. 
IME CANS od slors ais: tis ts cies 46.1 Sled 38.6 DBO | eer ected errobecarereiepsiarstolarete 44 


Ses ates Pressure.—(Reduced to sea level; inches and hundredths.)—Mean, 30.00; highest, 30.40; date, 30; lowest, 
47; date, 23. 
TEMPERATURE.—Hichest, 67; date, 11; lowest, 19; date, 28; greatest daily range, 29; date, 20; least daily range, 4; date, 26. 
Winp.—Prevailing direction, southwest; total movement, 5,664 miles; average hourly velocity,7.9; maximum velocity, 
- (for five minutes) 25 miles per hour, from southwest on 13. 
Weatuer.—Number of days, clear, 9; partly cloudy, 5; cloudy, 16; on which .01 inch, or more, of precipitation occurred, 11. 
MiscELLANEOUS PHENOMENA (dates of).—Auroras, 0; halos: solar, 5-9-12-18-20-22; lunar, 18-20; hail, 0; sleet, 0; fog, 0; thun- 
derstorms, 12-13. *Frost: light, 0; heavy, 0; killing, 0. ; : 
Notse—‘“T” indicates trace of precipitation. 
*Frosts are not recorded after the occurrence of “killing,’”’ except in Florida and along the immediate coast of the Gulf of 


Mexico. 
DEWEY A. SEELEY, 
Local Forecaster, Weather Bureau. 
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Meteorological observations for the month of December, 1912, at Agricullural College, East 
Lansing, Michigan. 


Temperature. (Degrees Fahrenheit.) Precipita- 


tion. Snow on 

Date. a ——  Ininches Character of day. ground 

and at 7 p.m 

Maximum. | Minimum. Mean. hundredths.) 
Deutiesiadesmosienece scone 54 36 45 £06) |): Clow yas ati acere'e wa vats 0 
Pee Romantics ance eae 53 27 40 £80. Old yo 5. .wcerpieoantods 0 
helt leet Grrr a, artes 37 26 32 202M MGIGUDY. 2 0 s-rz cnc ese 0 
45 32 38 05 | Partly cloudy........... 0 
57 33 45 33 NOY tan coh cieton erate 0 
55 28 42 SDL MG LOMLY vic cc oretedotere mena 0 
7 23 30 O07) Clears ic iea nes ness 0 
37 13 25 05 | Partly cloudy........... 0 
29 16 22 Oo |u@lesrs eteae cee satan 0 
40 26 33 0 | Partly cloudy........... 0 
32 9 20 Oil Glow yest c' stp reertee 0 
17 9 13 SOLAN Clouds 2s scccee sacs 0.1 
35 15 25 0 NCAT (eh alla eat oe, wes aes 0 
46 23 34 Oh Gleare econ a actneesaeroce 0 
39 34 36 202. Gloudyews soos socetectte 0 
37 33 35 1017) (@loudtasscy caaa22eemee 0 
48 33 40 .12 | Partly cloudy........... 0 
36 29 32 On @loudyy asa an semericsrs 0 
29 25 27 103)\|Cloudy2c<er2o anaseens 0.1 
31 24 28 037] Cloud y-sc.nt 2. cnc weeks 0.9 
Bee. Sethe st ctw hates Oe 26 14 20 02 Cloud yc ciee oe ae ee ee y Hat 
De Saino e cncfersin a oat 26 12 19 0. Clear: Ao tase ttc 0.8 
abe PASS Sear eaieta steie'a 34 13 24 0 | Partly cloudy......:.... 0.7 
V7 NS te Sy tee ae Mae 32 22 27 Ou@loudy; cs. - en aa soe 0.5 
de ccs aw ccoal scree 40 24 32 0:4 i Glearil es coe ote ee 0 
AG ich cite ds ato, Rejaoro.e.s i's op 35 25 30 02) |s@loudyi..cc. taste do eae cate 0.1 
Ue Sisk e wats hele waiaitre Fee. 33 24 28 | Oi Gloudys o4- 0 eeters laa 0 
De OREO ORO DEES 41 22 32 OMIN@learcc asst ccchiare acne 0 
71 RR Sey ee hehe toe 40 31 36 10 | Partly cloudy........... 0.1 
DE Bebachs Sees rin ne Per, 38 33 36 Ol Gloudy:.5 & Bc. sesjen ene 0 
DUS aetc sto tenam eet: 42 27 34 0: "Partly. cloudy...-.+--.-- 0 
| Total 

Meanie ote cnc ooo 38.1 23.9 31.0 | WZO! ccs ocx stave Se ane oigTararana's iste 6] orate reat an 


termeviran Pressure.—(Reduced to sea level; inches and hundredths.)—Mean, 29.95; highest, 30.41; date, 12; lowest, 
40; date, 30. 
TeMPERATURE.—Highest, 57; date, 5; lowest, 9; date, 12; greatest daily range, 27; date, 6; least daily range, 4; date, 16. 
Winp.—Prevailing direction, southwest; total movement, 6,962 miles; average hourly velocity, 9.4; maximum velocity (for - 
five minutes) 28 miles per hour, from west on 6. , 
Weatuer.—Number of days, clear, 7; partly cloudy, 7;-cloudy, 17; on which .01 inch, or more, of precipitation occurred, 16. 
MIscELLANEOUS PHENOMENA (dates of).—Auroras, 0; halos: solar, 29-31; lunar, 26; hail,0; sleet, 0; fog, 0; thunder- 
storms, 0. *Frost: light, ——; heavy, ——; killing, ——. 
Note.—T”’ indicates trace of precipitation. 
*Frosts are not recorded after the occurrence of “killing,” except in Florida and along the immediate coast of the Gulf of 


Mexico. 
DEWEY A. SEELEY, 
Local Forecaster, Weather Bureau. 
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Meteorological observations for the month of January, 1913, at Agricultural College, East 
Lansing, Michigan. 


Temperature. (Degrees Fahrenheit.) Precipita- 
tion. Snow on 
Date. (In inches Character of day. ground 
| and at 7 p.m. 
Maximum. | Minimum. Mean. __ hundredths.) 
HMPrereyc okie, ays aysitreisia tala’: siete 41 24 32 0 | Partly cloudy........... 0 
Me eats, sichsjcrereiajsvestels.s 44 30 37 On Cloudy. vse cas assests 0 
Na Seas Se ceiwararesnnteeys 32 24 28 JOTs|) Cloudyiz teaser onances Ost 
eee cata sicie Sele eases 24 16 20 Ou M@loud yee tia stare ceralole 0 
Dera ne tase cieikie Simvaeis 29 13 21 sah |b @LOUGY sateen crete arcisielere ete = 0 
6 30 21 26 300! |P CloUdYiewtacters «ctaeareite se Q.2 
26 19 22 ESS Oloud Wace eer cer 5.4 
23 4 14 JOB I Clesy e354 face homretearete 6.0 
25 7 16 OW Clearntecd eee cc caste ese ays) 
33 15 24 AON Clonidyere-rcrlacte nse oe 5.0 
35 25 30 UN Cloud Vier peyecete: aracre tee veyere- 4.2 
25 1 13 AOD) | ClOWs ys 2c Geremrow ect ccc 4.5 
28 1 14 ONC lOUdYs cian oe acre 3 nie ne 4.2 
29 23 26 One Cloudy. ees « ocsei0r0:-ferste'e 4:0 
39 28 34 POT MGIOUdGSeic war 102i ele = 2.6 
45 36 40 LOMA Loud vase terete tayo craves se 0 
52 33 42 sO2h le @loudyeewnca neces cee 0 
33 23 28 Ap h|| (Clin hnonsbecoeomnce oe 5.0 
42 22 32 OW Clond ye esstecntererse' « 3.0 
42 13 28 OD Alt ClOUDYieny. aiete resets ie 2lssseras 6.0 
SALINE Fe orSaiiate ech acces hea 25 6 16 0 | Partly cloudy........... 5.5 
ee ae fahe sc Recese dic sue siete 8 37 14 26 O2al (Clear fest hoctot tees SAD 
AM Rete ei.) Sint ce occ oiae S 36 28 32 LOM Cloudyanecwemseme eae 3.0 
APG ee savanna tere 37 19 28 ORF @lesrts en taanto.toeee 255 
2.19) 0, on CRO Eee 38 21 30 On Cloudyins.ct ao aoctee ce: 2.0 
OMENS ocors eich cielo o's Set 44 23 34 0} Partly: cloudy: «2.2... - 0.2 
DUMP ee Sick tslales es 0% 23 16 20 0 loudyseee ores eek cee 0.2 
DORE MEH aes Acute tas 25 9 Lf Ob Gleare2755 ie die cree asorenre 0 
ON cod tc SC en 32 11 22 OM Cloud yanteesseee ne oe 0 
PO Seserrectcte Sa aif torevajsterns see 45 27 36 .07 | Partly cloudy........... 0 
fl Se Pc ae eee 41 11 26 2045) \Cloudyae ete ocse- ction 0.2 
Total. 
(Meant: o. as) 25 Sasc ce 34.2 18.2 26.2 61 0) ae aniveran Spr Aci mec eeO| acer ODIO 
i 


tae PressuRE.—(Reduced to sea level; inches and hundredths.)—Mean, 30.02; highest, 30.64; date, 9; lowest, 
.27; date, 3. 

TEMPERATURE.—Highest, 52; date, 17; lowest, 1; date, 13; greatest daily range, 30; date, 31; least daily range, 6; date, 14. 

Winp.—Preyailing direction, southwest; total movement, 5,542 miles; average hourly velocity, 7.4; maximum velocity (for 
five minutes) 23 miles per hour, from west on 31. 

Weratuer.—Number of days, clear, 5; partly cloudy, 4; cloudy, 22; on which .C1 inch, or more, of precipitation occurred, 17. 

Miscz~LaNnous PHenomeEna (dates of)—Auroras, 0; halos: solar, 10-13-19-21-30; lunar, 17-21-22; Hail, 0; sleet, 5-7-20; fog, 
0; thunderstorms, 0. *Frost: light, 0; heavy, 0; killing, 0. 

Notr.—‘‘T”’ indicates trace of precipitation. 

*Frosts are not recorded after the occurrence of “killing,” except in Florida and along the immediate coast of the Gulf of 


Mexico. 
DEWEY A. SEELEY, 
Local Forecaster, Weather Bureau. 
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Meteorological observations for the month of February, 1913, at Agricultural College, East 
Lansing, Michigan. 


Temperature. (Degrees Fahrenheit.) Precipita- 
tion. Snow on 
Date. —$—$<$<$<$<$<——————————————————————| (ininches Character of day. ground 
; it, ani at 7 p.m. 
Maximum. | Minimum. Mean. | hundredths.) 
| 
Le centre amon eae Oral 16 9 12 .O1 | Partly cloudy........... 0.3 
PA Re Ce OR API SE REAR 21 7 14 Ov) }Clear 5. < teres ntpmtesientemna 0.2 
Ch ae es ie ee oe 32 16 24 -01 | Partly cloudy........... 0.1 
Be So eee oe cea aha se ec 18 1 10 -O1 | Partly cloudy........... : 0.1 
Tih optac aaa ae ee 13 -1 6 S01" |e Cloudy. cunt testes 0.2 
EES oe Senne Seties et te 16 3 10 AO | WOlaud gees... w-asec titers 0.2 
{Eye Rae EE ee erates 18 9. 14 BOA Tt ClOUNG. <cctstre orciacs' « cleiche 0.3 
RE At EE oe ae | 26 12 19 -01 | Partly cloudy........... 0.1 
Oe Nera ee sn ees 30 8 19 0 | Partly cloudy. ...... 322: 0 
NOE ocaisn cit core rateeres 31 8 20 -O1 | Partly cloudy........... 0.1 
WU pede ci Me chant 33 9 21 0 | Partly cloudy........... 0.1 
BDA Cae anid oa Pee apap cet 13 2 8 (1) Ka 6) Ee eee oe 0 
| 15 ee Re eee 21 3 = 12 0" leay eas ts eee 0 
1 See ee oe 38 15 26 Ol}! Gleave s.3 sce ciara ears 0 
1 NG a A el ge tp gee 42 14 28 207 Cloud iret. er, conie eee 0.2 
DG Seis seer elt cede niorstore 26 11 18 ROD Cloidves. acseueserie ar 0.1 
Woe ta inj storstela ape SB taieions: act 29 18 24 ON @landy.. ce ceeme sa ee 0 
AS ee ace a ieee ve et 39 18 28 0 | Partly cloudy........... 0 
1G Re i Sat te aE ce oe 57 34 46 OU Glands: 6 aoe tee 0 
Saree a ee 48 29 38 L720 Cloud yanic.< seer eae 0 
14 Ta evs ES ae ea 30 24 27 735| + Clandy-se..02 as eccrrnecet 5.0 
7 es, EE ee 33 20 26 235 Clpudyeicose. ican eer. 5.0 
OS a ee | 21 6 14 0: Clear 7) 25) aces os faare 5.0 
0D NS er ae eae aa 18 -4 7 O° Clear e tisa acoso: 4.8 
ee a ee aes Seb | 25 12 18 0! Gleare. 2a. «ica cceeese 4.0 
DU0 Ss Pete ieo eck es: 35 22 28 324] Cloutiyrset sas aes eeeee 5.5 
2 he ens Ae ee ee 28 20 24 | 08) P Glondye. - ase eon 6.0 
DO ee tian aie oes | 25 13 19 0 eae’) Sede estes or 5.5 
Total. 
WV CNTs ete etal ar 27.9 12.0 20.0 DABD | Pes xc celns ao nacst elm nial ere eee ‘ 


Oe etamer4 Pressurr.—(Reduced to sea level; inches and hundredths.)—Mean, 30,04; highest, 30.45; date, 12; lowest, 
.56; date, 22. 
TrMPERATURE.—Highest, 57; date, 19; lowest, -4; date, 24; greatest daily range, 28; date, 15; least daily range, 6; date, 21. 
Winv.—Prevailing direction, southwest; total movement, 5,984 miles; average hourly velocity, 8.9; maximum velocity (for 
five minutes) 23 miles per hour, from southwest on 7. ; 
Weatner.—Number cf days, clear, 8; partly cloudy, 8; cloudy, 12; on which .01 inch, or more, cf precipitation occurred, 15. 
MIsceLLANEous PHENoMENA (dates of).—Auroras, 0; halos: solar, 0; lunar, 18; hail, 0; sleet, 21-22; fog, 0; thunderstcrms 
0. *Frost: light, 0; heavy, 0; killing, 0. : 
Nor.—"T”’ indicates trace of precipitation. 
*Frosts are not recorded after the occurrence of “killing,” except in Florida and along the immediate coast of the Gulf of 


Mexico. 
DEWEY A. SEELEY, 
Local Forecaster, Weather Bureau. 
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Meteorological observations for the month of March, 1913, at Agricultural College, East 
j Lansing, Michigan. 


Temperature. (Degrees l’ahrenheit.) Precipita- 
tion. Snow on 
Date. ————-— | In inches Character of day. ground 
| and at 7 p. m. 
Maximum. | Minimum. Mean. | hundredths.) 

30 15 22 .08 | Partly cloudy........... 5.0 

15 4 10 .02' | Partly cloudy........... 5.0 

34 10 22 SE. Cloudy. chee acne 5.5 

27 0 14 .06 | Partly cloudy........... 6.3 

31 -1 15 ROBY A Cloudyaevtme accent 6.3 

15 —2 6 Q | Partly cloudy.......:... 6.3 

21 -10 6 OF RC lear eect cue omic 6.0 

42 13 28 0 | Partly cloudy........... 4.2 

43 28 36 0 | Partly cloudy........... 2.0 

39 23 31 0 | Partly cloudy........... 1.0 

43 26 34 (0) 0) (2 0.5 

54 31 542, Op e@lear rere cct pyinccene | 0 

61 38 50 .04 | Partly cloudy......:....] 0 

67 38 52 -10)|) Partly cloudy............ 0 

38 20 29 OuieCloudyey 5 ce-n sence | 0 

| 

28 17 22 LOM Cloud yargestree.cs cst ocr 0 

36 5 20. =.02\ | Partly cloudy........,.. 0.2 

57 4 36 46 QR @lesr es ccier aise cietce 0 

63 38 50 SOU lear oS eek se tess 0 

62 32 47 Ole GUY: crocs cracls soe 0 

56 20 38 ROU @ loud Virtecimivelee ae nee io. Ont 

32 19 26 HOQmIS WLCARE co sah's cre nacurenee 0 

53 28 40 TOO GlOUd yen acces ects 0 

61 33 47 DN P GIOUGY:\- sect 052 3 cree ste 0 

33 24 28 NDAs IE ClOUDV None cisco anetne 0 

WAT abt teen ae pease 28 21 24 Rola e| | (COG Kanne anus caeee ae = Lez 
4k rah cee EOE 30 13 ww coe .04 | Partly cloudy........... 6.0 
2a SOL CRO Spe Agee 35 il 23 4 Osi Bartlyzcloudyae a5.< so nce 4.5 
ORB eR oars ois ciate wctiecoiat 47 30 38 0) | Partly cloudy. .......2... 0 
BU Bee ar ie oieislosett,c cls 59 39 49 -24, || Partly, cloudy; ..-- << 0 
SS SOR MND OR AA 50 35 42 -20) |) Partlyicloudyss.c0:2o-ne 0 

Total. 
MyM GAN ey. -c/acyetactsie acct 41.6 20.5 31.0 Oe AD ann oookees Gonencnenee Eater es 


; auonrerante PressurRE.—(Reduced to sea level; inches and hundredths.)—Mean, 30.00; highest, 30.64; date, 22; lowest, 
9.06, date, 21. 

TrmMPERATURE.—Highest, 67; date, 14; lowest, -10; date, 7; greatest daily range, 36; date, 21; least daily range, 7; date, 26. 

Winp.—Prevailing direction, southwest; total movement, 7,323 miles; average hourly velocity, 9.8; maximum velocity (for 
five minutes) 37 miles per hour, from southwest on 24. 

Weratuer.—Number of days, clear, 6; partly cloudy, 15; cloudy, 10; on which .01 inch, or more, of precipitation occurred, 20. 

MisceLLaNgous PHenomena (dates oi).—Auroras, 0; halos: solar, 4-5-10-13-17-29; lunar, 16; hail, 23-24; sleet, 21-25-26; 
fog, 0; thunderstorms, 14-23-24-30. *Frost: light, 0; heavy, 0; killing, 0. 

Notr.—‘‘T”’ indicates trace of precipitation. ; 

*Frosts are not recorded after the occurrence of “killing,” except in Fiorida and along the immediate cost of the Gulf of 


Mexico. “4 
DEWEY A. SEELEY, 
Local Forecaster, Weather Burezu. 
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Meteorological observations for the month of April, 1913, at Agricultural College, East 
Lansing, Michigan. 


Temperature. (Degrees Fahrenheit.) Precipita- 


tion. Percentage 
Date. ——_———_— | (In inches Character of day. of possible 
and sunshine. 
Maximum. | Minimum. Mean. hundredths.) 

55 33 44 Ot Glear sete cc opsitoes 98 

47 37 42 $857 (Olond Yn. 5. cee cecmtoes 0 

65 40 52 289 | AGloNdy: ccoscscs vekniiee 12 

60 34 47 S20 ICloudyressccn sa cesses 9 

41 30 36 0 | Parctly cloudy........... 71 

47 29 38 On Cleary Sonate ee 100 

40 28 34 0 | Partly cloudy........... 56 

47 24 36 0) earthy cloudy... 2 ew. 85 

44 32 38 05 | Cloud 2 

55 38 46 49 0 

52 40 46 01 0 

42 36 39 0 0 

53 35 44 0 100 

50 30 40 0 100 

61 28 44 0 100 

63 36 50 0 100 

69 32 50 0 100 

ip? 39 56 0 100 

54 | 29 42 0 98 

50 | 22 36 0 100 

59 30 44 0 82 

TS 50 64 15 74 

78 57 68 0 94 

79 51 65 |, 0 79 

63 44 54 34 19 

47 36 42 23 1 

44 31 38 27 0 
54 Cal lis 46 03 68— 

58 34 46 0 100 

71 35 53 0 100 

| 
Total. 
MeCaN Sey. aces beens 56.6 35.2 45.9 SeLO i estistceen te neerdeeramment 62 


Be has Pressure.—(Reduced to sea level; inches and hundredths.)—Mean, 30.038; highest, 30.55; date, 20; lowest, 
.64; date, 4. 
TEMPERATURE.—Highest, 79; date, 24; lowest, 2; date, 20; greatest daily range, 37; date, 17; least daily range, 6; date, 12. 
Winv.—Prevailing direction, northeast; total movement, 6,206 miles; average hourly velocity, 8.6; maximum velocity (for 
five minutes) 29 miles per hour, from northeast on 28. 
WeratHer.—Number of days, clear, 13; partly cloudy, 6; cloudy, 11; on which .01 inch, or more, of precipitation occurred, 11. 
MISCELLANEOUS PHEeNoMENA (dates of).—Auroras, 0; halos: solar, $-21-22; lunar, 0; hail, 22; sleet, 0; fog, 27; thunderstorms, 
2-3-4-22-25. *Frost: light, 19-27-29-30; heavy, 0; killing, 15-17-20-21. : 
Norz.—‘‘T”’ indicates trace of precipitation. 
*Frosts are not recorded after the occurrence of “killing,”’ except in Florida and along the immediate coast of the Gulf of 


Mexico. 
DEWEY A. SEELEY, 
Local Forecaster, Weather Bureau.” 
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Meteorological observations for the month of May, 1913, at Agricultural College, East 
Lansing, Michigan. 


Temperature. 
Date. 

Maximum. 
RP arate fait as Se leiaietsre ae 81 
MPT Pe Crain, fe taiete sia steha 83 
oh Ae Sa OCIS Caer 82 
APNG a sits cig(hshs aieie oon 81 
13) che y Se aeRO RO TOT 75 
Gee Se Sess ow ciena res 66 
Unica ee nGen eee o Tne 61 
Rem epee Maic.c cine kee 65 
Oo ti Bie ERR eT 55 
WDE aks anc Seti ryote e Chala tese0 54 
MN Vickie shied ae ct 60 
DMP eatin aictcnec saya te ierarne 65 
LO ceaarcioicinetera ee 71 
Tonge CORB aR OOte Go oeOee 62 
TNs hae Bea era 76 
ils cb eke HaO Rae ee amas 64 
(Get Aa aeemoace de emeraee 72 
LSEE forget votstsstrsicte: yale aite 62 
1A) Sa06 CaM eR Eee tee 62 
7 ed aterd OR OROE Bee 61 
NOP See Co oher cere sh ovata eres 76 
D5 ARO RTO DOC EOE 59 
2B tse ad tide Gone 59 
OL ie og Se BAO OC OR ES Anae 68 
RPT ate sichere serio eisai 55 
pe OES Secret Lace eseysioyouese 691% 52 
OU a ROR GRO SO OE 68 
errata oo teers Wain, caress 79 
TAR aes iat Se en eee 68 
BO Rarairtete cass neseikeetet 68 
Olean loitordicn Seteraatad 73 
Meant aale one shageters 67.2 


(Degrees Fahrenheit.) 


Minimum. 


45.1 


Mean. 


56.2 


Precipita- 
tion. 
(In inches 


an 
hundredths.) 


Total. 
2.22 


Character of day. 


Wlondye see vceen cece 


Partly cloudy... 52..... 
Partly:cloudy,....0.2.2. 2. 
Weary ee et stieciesiaes 


Cloudy yt eee eee oe 
PartlyaCloudy,..2- 2-6 sn 
Gloudy;eeepocceeeecete 


lear ar nostic conc oe 
Cloudy..... REA rem S 


Partly cloudy. 2ec  oc.cs 
Partlyacloudy.e eee cecees 


Percentage 
of possible 
sunshine. 


61 


ATMosPHERIC PressurE.—(Reduced to sea level; inches and hundredths.)—Mean, 30.04; highest, 30.51; date, 10; lowest, 


29.72; date, 21. 


TEMPERATURE.—Highest, 83; date, 2; lowest, 27; date, 10; greatest daily range, 35; date, 28; least daily range, 9; date, 22. 
Winp.—Preyailing direction, southwest; total movement, 4,436 miles; average hourly velocity, 6.0; maximum velocity (for 
five minutes) 24 miles per hour, from southwest on 3. 
WratTHerR.—Number of days, clear, 11; partly cloudy, 7; cloudy, 13; on which .01 inch, or more, of precipitation occurred, 14. 
MisceLLaNrous PHENoMENA (dates of).—Auroras, 0; halos: solar, 5-9-12-13-17, lunar, 0; hail, 0; sleet, 0; fog, 31; thunder- 


storms, 5-12-14-15-17-21-30. 


Notr.—‘‘T” indicates trace of precipitation. pal : : 
*Frosts are not recorded after the occurrence of “killing,” except in Florida and along the immediate coast of the Gulf of 


DEWEY A. SEELEY, 
Local Forecaster, Weather Bureau. 


Mexico. 


*Frost: light, 12; heavy, 7; killing, 10-11. 
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Meteorological observations for the month of June, 1913, at Agricultural College, East 
Lansing, Michigan. 


Temperature. (Degrees Fahrenheit.) Precipita- 
tion. Percentage 
Date. ——_—-- | (In inches Character cf day. of possible 
and sunshine. 
Maximum. | Minimum. Mean. hundredths.) | 

81 52 66 0 78 

73 43 58 0 100 

80 49 64 0 97 

71 43 57 0 100 

75 45 60 0 82 

88 59 74 12 67 

59 39 49 08 41 

58 35 46 0 100 

64 | 34 49 0 100 

70 34 52 0 100 

77 41 59 0 100 

80 42 61 0 98 

83 50 66 0 100 

87 51 69 0 100 

90 65 78 0 100 

95 66 80 16 66 

86 59 72 0 100 

84 56 70 0 91 

90 62 76 .09 49 

82 62 72 53 29 

BA rear cun nits aaa ese | 71 54 62 0 43 
C7 RA Rca a oe 77 50 64 0 99 
Oe eee ne 81 52 66 0 100 
OAR SUR coICeny Heer 87 59 73 0 87 
7 Re bears CREP AOE ATE 90 67 78 0 77 
AG ee Rel mene css 91 70 80 0 | Partly cloudy....... See 68 
07 CREA or be eee ete 95 70 82 On sSGleares eee ee 96 
POA HE PL ee EEOC. 91 69 80 Ot lear i) ee eae 100 
72 oe Rn AEA IEC 92 67 80 0 | Partly cloudy........... 86 
SO tee prea caar seins 98 66 82 .04 | Partly clcudy........... 52 

| Total. 
Meanie ie fone oc coats 81.5 53.7 67.6 | 1) EE ear See ee Ia A « 83 


ArtmospHeric Pressure.—(Reduced to sea level; inches and hundredths.)—Mean, 30.05; highest, 30.62; date, 10; lowest, 
29.81; date, 30. 

TeMPEeRATURE.—Highest, 98; date, 30; lowest, 34; date, 9; greatest daily range, 38; date, 12; least daily range, 17; date, 21. 

Wixp.—Prevailing direction, southwest; tctal movement, 3,538 miles; average hourly velocity, 4.9; maximum velocity (for 
five minutes) 22 miles per hour, from northwest on 6. Wine 

Weatuer.—Number of days, clear, 18; partly cloudy, 6; cloudy, 6; on which .01 inch, or more, of precinitation eccurred, 6. 

MIsceLLANEOUS PaENoMENA (dates of).—Auroras, 0; halos: solar, 0; lunar, 0; hail, 0; sleet, 0; fog, 0; thunderstorms, 6-7- 
caer eas light, aps mech fae killing, 0. 

Notse.—‘‘T” indicates trace of precipitation. ; ; ' 

*Frosts are not recorded after the occurrence of “killing,” except in Florida and along the immediate coast of the Gulf of 


— DEWEY A. SEELEY, 
Local Forecaster, Weather Bureau. 
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REPORT OF THE MICHIGAN WEATHER SERVICE FOR THE 
FISCAL YEAR ENDING JUNE 30, 1913 


This service has continued in operation along the same general lines 
that have marked its administration for some years past. 

In a general way it may be stated that these lines of endeavor are: 

(1) The general collection and compilation of meteorological data 
at more than one hundred points in the state. The principal items 
of data collected and compiled are temperature, precipitation, pre- 
vailing wind direction and general character of the sky as regards 
cloudiness. 

(2) The dissemination of the daily forecasts and frost’ and cold 
wave warnings. Michigan now has a very valuable asset in the form 
of twenty-five years’ observations which cover the state not as well 
as is desirable, but in such a way as to give a general and rather 
intimate knowledge of its climatic characteristics for the period coy- 
ered. 

The work of the Director of the Service has increased enormously 
during the past ten years, although the number of stations is not much 
eveater than it was a decade ago. 

Primarily, the administration of one hundred stations requires con- 
siderable labor, as it involves the selection of voluntary observers, which 
in itself, is a difficult matter. 

After an observer has been secured, he must be kept supplied with 
instruments, stationery and instructions for carrying on his work and 
when his reports are received, they are carefully scrutinized, corrected, 
if necessary, and then compiled at monthly intervals. 

The use of these observations is becoming greater with every year. 
Meteorological statistics are intimately related with almost every line 
and phase of human endeavor and in recent years have been extensively 
used in the extension of Michigan’s resources in agriculture. The agricul- 
turist and horticulturist are demanding more and more information 
about climate. 

The rapid development of the water power resources of Michigan 
have also entailed much reference to the records of the Michigan 
Weather Service and it may be said parenthetically that the water 
power possibilities of Michigan have hardly been touched, although 
there are now in operation many large projects. 

Another very important phase of reference to our records is the legal 
one; our records are being brought into court more and more as illum- 
inating facts that in hundreds of cases are vital to a just and intelli- 
gent decision. 

All told, the correspondence involved in these many phases has become 
enormous. 

The use of the weather forecast is much more general than in the 
past. As related in my preceding report, the extension of telephone 
service to rural communities has made it possible for a majority of 
the more progressive farmers of the state to get the forecast each day 
by simply calling up their “central” between 10:00 and 11:00 a. m. 
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It is also worthy of note that the farmer is beginning to appreciate 
the value and benefit.of the weather forecast and, at critical times, 
to regulate his outdoor operations accordingly. There is perhaps no 
other profession of civilization that is so vitally interested not only in 
actual weather conditions, but in coming weather conditions, as the 
farmer. He meets the weather every day and all of the day. 

In addition to this, the modern progressive farmer is also using our 
statistics in getting a better understanding of what crops to grow and 
of when to plant them. ‘Twenty-five years’ record of the last killing 
frost in fall is of untold benefit to the corn grower, because the average 
date is the safe date, although there may be years that are not average. 
Nevertheless, as in any other business, it is the average condition not 
for one year, but for many years, that spells suecess or failure. 

All of the principal telephone companies of the state now distribute 
promptly and regularly the Weather Bureau forecast and the informa- 
tion that they have at their various “centrals” can be secured by any 
one having a telephone simply for the ae 

. F. SCHNEIDER, 
Director. 
Grand Rapids, Mich., June 30, 1915. 


REPORT OF STATE INSPECTOR OF NURSERIES AND 
ORCHARDS 


To the State Board of Agriculture 

Gentlemen—For a number of years there has been an increase in the 
amount of work this department has been called upon to do. This has 
been due in part to the marked interest being taken in fruit growing in 
all parts of the state. This has led to numerous calls for assistance in 
controlling outbreaks of dangerous insects and diseases. 

The San Jose scale gave less trouble than in former years, which may 
have been partly due to the cold, wet summer, but it was undoubtedly 
the long continued and extremely cold periods during the winter of 
1911-12 that had most to do in lessening the numbers, as “when the spring 
opened a very large per cent of the se ales on the trees ‘were dead. 

While a large part of the spraying done in the state last year was 
very imperfect, in a considerable proportion of the orchards most excel- 
lent work was done and as a result it was practically impossible to 
find any live scales on the trees, even though they had been badly in- 
fested in previous years. 


NURSERY INSPECTION. 


There has been very little change in the number of nurseries and the 
amount of nursery stock to be inspected. As a result of the efforts 
that have been made to cleanup the old blocks and to remove thorn 
and seedling apples and plums from the fence rows the stock in most 
of the nurseries was in unusually good shape and, as most of the stock 
was sprayed several times during the season, the trees were very gen- 
erally free from dangerously infectious diseases and insects, 
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The climatic conditions seemed unusually favorable for the develop- 
ment of the apple-tree aphis and woolly aphis, but by persistent spray- 
ing with tobacco decoctions they were prevented from causing any 
serious harm. The addition of one cake of hard soap, or a pint of whale- 
oil soap to 50 gallons increased the efficiency of the spray. 

In most of the nurseries crown-gall was less troublesome than in 
other years. Although it is not possible to make a very careful in- 
spection before the trees are dug, all nurserymen are instructed to 
destroy trees infested with this disease and to avoid using the same 
land for growing two consecutive crops of trees of the same general 
nature. 

FOREIGN NURSERY STOCK. 


In October, 1912, the U. S. Plant Quarantine act went into effect and 
in accordance with its terms importers of nursery stock are required 
to take out a permit and duplicate notices of the arrival must be sent 
to the Federal Horticultural Board and to the inspector of Nurseries 
of the state to which the stock is consigned. Most of the stock brought 
into Michigan is from France, Belgium and Holland. In the fall it 
consists largely of azaleas and other shrubs for greenhouse forcing. 
Later on, the bulk of the shipments are made up of apple, pear, plum 
and cherry seedlings to be used as stocks by nurserymen. Many thou- 
sand maple and other shade trees, evergreens and shrubs of small sizes 
for growing in the nurseries are also imported. As spring comes on the 
importations include hardy rhododendrons and box and bay trees for 
porch decoration. 

The object of the U. S. Plant Quarantine law is to prevent the intro- 
duction of dangerous insects and diseases, and an embargo has been 
placed upon certain species of trees, etc.; as for instance, the five- 
needle pines, which are likely to be infected with the “white-pine rust,” 
but for the most part nursery stock is admitted provided it is accom- 
panied by a certificate of inspection. Even then, however, the danger 
from the introduction of certain insects is so great that the stock from 
Western Europe is re-inspected after it arrives in this country. 

The gypsy moth and brown-tail moth are especially feared. In former 
years, before the passage of the U. S. Plant Quarantine law, as many as 
10,000 larvae of the brown-tail moth, contained in twenty-five nests, 
were found upon the trees in a single box of nursery stock consigned 
to a Michigan point. So far as is known neither of these insects has 
been able to secure a foothold in Michigan, but eternal vigilance will 
be needed to keep them out. For a number of years they have caused 
immense losses in Eastern New England, where $1,000,000 annually is 
spent in fighting them. <A quarantine exists against that section to the 
extent that all shipments of nursery stock have to pass a special in- 
spection for the presence of these insects. 

During the fall, winter and spring months, the brown-tail moth is 
in the form of small larvae, perhaps one-eighth of an inch long, which 
are enclosed in silken nests attached to the branches. These closely 
resemble the cocoons of some of the larger moths. 

At this same period the gypsy moth is in the egg stage. These will 
be found in flattened patches an inch or a little more in diameter, upon 
the stems and larger branches. The eggs resemble small pearls and 

17 
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are covered with a large number of rather coarse, tawny hairs. The 
larvae of both insects reach their full development about the first of 
July, when they are nearly two inches in length. The gypsy moth 
larvae are very easy to distinguish as they have a double row of tuber- 
cles along their backs. The five front tubercles in each row are blue 
and the six at the rear are red. The brown-tail larvae have a row of 
white spots on each side of the body. 

As the introduction of both of these insects is greatly to be feared, 
any one finding specimens of insects resembling the above description 
should send them in to the department for identification. 


INSECTICIDES AND FUNGICIDES. 


In order that manufacturers of spraying materials shall guarantee 
their strength so that the fruit grower may know what he is buying, act- 
ing under Act 91, P. A. 1909, the manufacturers have been compelled to 
file statements and sample labels in which the percentages of the essen- 
tial ingredients are guaranteed, and a permit for their sale in Michigan 
is then issued. 

The National Insecticide Act of 1910 has the same object in view 
but only deals with such insecticides and fungicides as enter into inter- 
state commerce. As there are a half-dozen firms in Michigan which 
manufacture insecticides and fungicides in large quantities, besides as 
many more doing a small business, none of whose products sold within 
the state come under the control of the United States authorities, it 
is highly important, owing to the immense quantities used in Michi- 
gan, that the work of supervision be kept up. 

Lime-sulphur solution and arsenate of lead are the kinds most exten- 
sively used, and especial attention has been paid to them. 

Bordeaux mixture is also made on a large scale by several firms but 
the use of the commercial brands by fruit growers has been discouraged 
as, besides being considerably more expensive than if home made, with 
the same amount of copper hydrate, its use has not been generally sat- 
isfactory, and in fact as compared with home made Bordeaux used at 
the same time and in the same way, it has been demonstrated that 
while the latter will give comparative freedom from such troubles as 
late blight of the potato and black rot of the grape, the results with 
the commercial brands of Bordeaux mixture have been but little better 
than where no spraying whatever was done. 

In passing upon the labels an endeavor has been made to secure un- 
iformity in the statements and the terms used in the analyses so that 
they can be compared. 


“PPACH YELLOWS” AND “LITTLE PEACH.” 


Owing to the fact that a large number of the older peach orchards in 
the district where “peach yellows” and “little peach” have been most 
troublesome have been very largely destroyed either by the winter or 
other causes, the loss from the above diseases has been less noticeable. 

A‘ careful watch of the orchards has been kept, particularly in Newaygo 
and southern Mason counties, in order that the further spread of the 
diseases northward might be checked. As a result of this, practically 
no advancement has been noticed. In the more southern counties there 
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has been almost a clean sweep of the orchards and those who now 
have old trees should not neglect to watch them carefully and if the 
orchards are infected with either disease, they should be removed at once. 
By thus cleaning out every vestige of the diseases the chances of grow- 
ing new orchards will be greatly increased. 

Fruit growers in the counties from Mason to Berrien have now had 
the fact, that the “yellows” is a very dangerous disease, very forcibly 
impressed upon them and these lessons should be sufficient to bring 
about the utmost care and thoroughness in fighting them. The experi- 
ence of the last forty years has demonstrated that if diseased trees 
are allowed to remain in an orchard, all of the trees will be quickly 
wiped out but if they are removed as soon as the diseased fruit is 
found on the trees the loss will be very small. From the fact that there 
is danger of infection from orchards within a radius of perhaps one 
mile, it is very important that the action be concerted and that town- 
ships in which these diseases prevail should have orchard inspectors 
to see that everyone promptly complies with the law. 

Until within the last three or four years these diseases have been con- 
fined to the western part of the state but they have now developed to 
quite a considerable extent in Oakland and Macomb counties and as 
the fruit growers of those sections generally are not familiar with the 
diseases it is particularly important that competent persons are se- 
lected in each township where peaches are extensively grown so that the 
spread of the diseases may be checked. 


CROWN GALL OF THE PEACH. 


During the past two or three years this disease has been quite trouble- 
some in several of the nurseries, but from the fact that the inspection 
must be done while the trees are growing it is not possible to determine 
the presence of crown gall on the roots. 

Nurserymen have been instructed to throw out all trees infected with 
the crown gall and most of them are evidently trying to live up to the 
requirement. However, in the rush of packing, infected trees are fre- 
quently sent out and the purchasers are advised to discard all such trees, 
especially when the galls are upon the collar or main roots. If the 
number infected is sufficiently large to make claims for damages worth 
while, all responsible nurseries should be willing to refund the amount 
paid provided due notice is given and the trees are placed subject to 
their order. 

Crown gall is also of a contagious nature and although it is not 
likely to spread from tree to tree in the orchard, it evidently spreads 
from raspberries growing in peach orchards, hence it is not advisable 
to plant raspberries between the rows of peach trees. While cases have 
been noticed in which trees having galls upon the collar or main roots 
have apparently recovered from the disease, it more generally hap- 
pens that a gall upon the main root of a peach tree will involve a 
larger surface and practically girdle a tree, rendering it of no value. 


SAN JOSE SCALE. 


The area infested by this insect has not appreciably changed during 
the year. The northern part of the state as yet appears to be entirely 
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free from it. Throughout the southern part of the state there are many 
thousands of trees in unsprayed orchards which are dead or dying but 
commercial fruit growers are suffering little from it as they are able 
to hold the insect in check. As was predicted when the insect first 
appeared, many are finding it is a blessing in disguise as the thorough 
spraying of the trees required to control the scale also destroys other 
dangerous insects and diseases. <A fruit grower who is thus able to 
control the scale, being obliged to have a ‘suitable outfit for that pur- 
pose and having impressed upon him the importance of thorough work, 
is better prepared to fight the insects and fungous diseases which de- 
velop during the summer. 

There has been no particular progress in the fighting of this insect 
during the year. The better grades of commercial lime- sulphur solution 
which contain 20 per cent and upwards of sulphur, if used at the rate 
of one part to eight of water just before growth starts in the spring, 
will very thoroughly clean up the trees. Attention, however, is called 
to the value of summer spraying in cases where the spring spraying was 
neglected or was not thoroughly done. The first brood of young ap- 
pears from July 1st to 15th, and an application of two gallons of ‘lime- 
sulphur solution in fifty gallons of water at the time most of the young 
have appeared will destroy them. This can be used without danger of 
serious injury except upon peaches and Japanese plums, where care 
should be taken to spray the branches only. By using a fine mist and 
only applying enough to cover the branches the injury will be lessened. 
Applications made upon clear days when the spray will quickly evaporate 
will also be less harmful than upon cloudy days 

The following list contains the names of those who were licensed to 
handle nursery ‘stock during the year 1912-13. 

Respectfully submitted, 
LL. BR, TART, 
State Inspector of Nurseries and Orchards. 
Kast Lansing, Mich., June 30, 1915. 


LIST OF NURSERIES LICENSED FOR YEAR ENDING JULY 3 
1913 


MICHIGAN NURSERIES. 


Allen Bros., Paw Paw. 

Au Sable Forest Nursery, Lovells. 

Allis and Hood, Adrian. 

Baldwin, O. A. D., Bridgman. 

tashford, ©. L., Mason. 

Berrydale Experiment Gardens, Holland. 
Bigelow, J. N., Bangor. 

Blake, Wm., Buchanan. 

Boehringer ee Bay City. 

Bragg & Co., G., Kalamazoo. 
Bridgman Rares ry Co., The Geo. W., Benton Harbor. 
3rown, Douglas M., Grand Rapids. 
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Buskirk, J. D., Shelby. 

Celery City Nursery Co., Kalamazoo. 
Collins, W. E., Fennville. 

Coryell, R. J., Birmingham. 

Cole, Levant, Battle Creek. 

Cross, J. A., Spring Lake. 
Cukerski, Wencel L., Grand Rapids. 
Culver, O. B., Colon. 

Cutler & Downing, Benton Harbor. 
Daly, Thos. W., Watervliet. 

Dean, Geo. N., Shelbyville. 

Detroit Nursery Co., Detroit. 
Dressel, G. L., Frankfort. 

Dunham, Enos W., Baroda. 

Elliott, Hanson B., Harbor Springs. 
Evergreen Cemetery, Chicago, I]. 
Ferrand and Son, E., Detroit. 
Fisher, Guyon, Fennville. 
Flansburgh & Son, C. N., Jackson. 
Flansburgh & Potter Co., Leslie. 
yenesee County Nurseries, Flint. 
Glenwood Nurseries, Holland. 
Greening Nursery Co., Monroe. 
szustin, Chas. F., Adrian. 
Hamilton & Sons, A., Bangor. 
Havekost, G. H., Monroe. 

Hawley, G. A., Hart. 

Hawley, H. E., South Haven. 
Helmer Farm Nursery, Battle Creek. 
Hibbler, E. B., Detroit. 

Hunziker, M. J., Kent City. 
Husted, N. P., Lowell. 

Ilgenfritz Sons’ Co., I. E., Monroe. 
Insulinda Nurseries, Kalamazoo. 
Jackson, James, Kalamazoo. 
Jeffrey, James Sr., Kalamazoo. 
Kalamazoo Nurseries, Kalamazoo. 
Katzenberg, Valentine, Saginaw. 
Kellogg Co., R. M., Three Rivers. 
Knight & Son, David, Sawyer. 
Lanphear Brothers, Hartford. 
Lohrman Seed Co., Detroit. 

Lock, Daniel, Union Pier. 

Mack, Frank H., Hart. 

Marvin, O. F., Holton. 

Maudlin Nursery Co., E., Bridgman. 
Mayer, Michael, Jr., Merrill. 
McCormick, N. L., Montrose. 
McCormick Nursery Co., Monroe. 

_ Merrifield Brothers, Bloomingdale. 
Michigan Nursery Co., Monroe. 
Miller, Abner, Fennville. 
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Miller, J. W., Fremont. 

Munson, Wm. K., Grand Rapids. 
Myers, P. J., Bridgman. 

Mutual Nurseries, Monroe. 

Nash, Chas. C., Three Rivers. 
Nehmer & Sons Co., Daniel, Ontonagon. 
Nelson & Son, J. A., Paw Paw. 
Newell, Reuben, Highland Park. 
Orchard Lake Nurseries, Orchard Lake. 
Pier, Frank D., Evart. 

Pilkinton & Son, 8. H., Portland. 
Pitcher, W. D., Buchanan. 

Pontiac Nursery Co., Detroit. 
Prestage, J. G., Allegan. 

Powers & Son, Charles, Douglas. 
Prudential Nursery Co., Kalamazoo. 
Retz, Mathias, Riverside. 

Rice, Greta B., Port Huron. 

Rokely, J. N., Bridgman. 

Schild, H. J., Ionia. 

Sheldon, Asa G., Paw Paw. 

Singer, W. H., Lapeer. 

Smith, Henry, Grand Rapids. 
Smith, R. E., Woodville. 

Speyers, Chas. M., Ypsilanti. 
Spielman Brothers, Adrian. 
Stahelin, Fred C., Bridgman. 

Star Nursery, The, Big Rapids. 
Stephens, John S., South Haven. 
Thrasher, C. D., Hamburg. 

Trescott, C. P., Paw Paw. 

Voorhees, C. W., Buchanan. 
Westmacott, Harry S., Montague. 
Weston & Co., A. R., Bridgman. 
Whitten, C. E., Bridgman. 
Wildemere Gardens, Royal Oak. 
Wise, Ralph, Plainwell. 

Wolverine Co-operative Nursery Co., The, Paw Paw. 
Wolverine Nurseries, The, Detroit. 


LICENSED MICHIGAN DEALERS. 


Alferink, Albert, Holland. 
Asman & Dunn, Detroit. 
Augustine, L. D., St. Joseph. 
Barnes, C. A., Jackson. 
Beattie, Thos., Detroit. 

Cross, Eli, Grand Rapids. 
Crowley, Milner Co., The, Detroit. 
Davison Nursery Co., Davison. 
Davis, S. B., Jackson. 

Day, Edmund, Jackson. 

Field “Co., L. H., Jackson. 
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Freyling and Mendels, Grand Rapids. 
Gibson, 8. B., Detroit. 

sill, B. M., Ypsilanti. 

Grand Rapids Nursery Co., Grand Rapids. 
Healy, Wm., Bloomingdale. 

Hotchkiss, C. J., Detroit. 

Hudson Co., The J. I, Detroit. 

Jones, Sons & Co., J. R., Kalamazoo. 
Kingsbury, Lathrop, Muskegon. 
Knapp, Wm. F., Monroe. 

Kresge Co., 8S. 8., Detroit. 

Merrill, W. F., South Haven. 
Northwestern Nurseries, Traverse City. 
Pearson & Co., D. S., Grand Rapids. 
Radewald, Otto, Niles. 

Rasmussen, R. J., Marlette. 
Richardson, O. I., Detroit. 

Scott,C. H., Traverse City. 

Slanker, Frank, Benton Harbor. 
Stover, F. J., Traverse City. 
Strittmatter, A., Detroit. 

Sweet, L. H., McGregor. 

Tossy, L. F., Detroit. 

Trankla & Co., Chas., Grand Rapids. 
Wade, B. M., Saugatuck. 

Walthers’ Dept. Store, Bay City. 
Westgate Nursery, The H. L., Monroe. 
Winkworth, R. M., Detroit. 
Woolworth, F. W., Detroit. 


LIST OF FOREIGN NURSERIES. 


Allen Nursery Co., Rochester, N. Y. 

Bogue, Nelson, Batavia, N. Y. 

Brown Brothers’ Company, Rochester, N. Y. 
Bryant & Son, A., Princeton, Ill. 

Bryant Brothers, Dansville, N. Y. 
Cartwright, I. D., Toledo, Ohio. 

Carlton Nursery Co., Rochester, N. Y. 
Chase, Chas. H., Rochester, N. Y. 

Chase Nurseries, Geneva, N. Y. 

Clyde Nursery, The, Clyde, Ohio. 

Costich, G. A., Rochester, N. Y. 

Davis Nursery Co., Franklin, Baltimore, Md. 
Dreer, Henry A., Philadelphia. 

Empire State Nursery Co., Waterloo, N. Y. 
Fairview Nurseries, Rochester, N. Y. 
Farmers’ Nursery Co., Troy, Ohio. 

First National Nurseries, The, Rochester, N. 
Fruit Growers’ Nurseries, Newark, N. Y. 
Hawks Nursery Co., The, Rochester, N. Y. 
Herrick Seed Co., Rochester, N. Y. 

Hooker, Wyman & Co., Rochester, N. Y. 


We 
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Hubbard Company, The T. S., Fredonia, N. Y. 
Huntsville Wholesale Nursery Co., Huntsville, Ala. 
Jewell Nursery Co., The, Lake City, Minn. 
Knight & Bostwick, Newark, N. Y. 

MecGlennon & Kirby, Rochester, N. Y. 

McKay Nursery Co., The, Pardeeyille, Wis. 

Moore & Son, Jas. P., Greenfield, Ind. 

Moore & Co., Wm. C., Newark, N. Y. 
Pennsylvania Nursery Co., Girard, Penn. 

Perry Nursery Co., The, Rochester, N. Y. 

Ringler Rose Co., Chicago, Ill. 

Saddler Brothers, Bloomington, Ill. 

Simpson & Sons, Vincennes, Ind. 

Standard Nursery Co., The, Rochester, N. Y. 
Stark Bros. Nurseries and Orchards Co., Louisiana, Mo. 
Stuart & Co., C. W., Newark, N. Y. 

Swain-Nelson & Co., Chicago, Il. 

Taylor & Co., H. S., Rochester, N. Y. 

Willett & Wheelock, North Collins, N. Y. 


REPORT OF SUPERINTENDENT OF FARMERS’ INSTITUTES. 


President J. L. Snyder: 

Sir—The attendance and interest at the Farmers’ Institutes held dur- 
ing the past year have never been equalled in Michigan. In fact, at 
a large number of places the largest halls would not accommodate the 
people who wished to attend and many were obliged to return home 
for lack of even standing room inside the door. An energetic county 
secretary and a business-like, hustling local manager will generally 
be able to secure a good attendance. As a rule, the most interest has 
been shown in the counties where the greatest advancement is being 
shown by the farmers, as such men feel they still have much to learn and 
they realize that one of the best ways of still further improving their 
methods is by getting together and comparing notes with other farmers. 
The few who, instead of attending the institutes, hang around the 
street corners or frequent the saloon, asserting, “Them fellers can’t 
teach me nothin’ about farmin’,” are always the least progressive farm- 
ers in the section. They are generally owners of scrub live stock, they 
are soil robbers and grow the poorest crops of any farmer in the vi- 
cinity. 

During the year 412 institutes have been held. This includes 80 
county meetings and 332 one-day institutes. Arenaec county in the 
lower peninsula and Houghton and Keweenaw in the upper peninsula 
ave the only ones in Michigan that have not had at least one institute, 
while,at the other end of the list stands Lenawee county with 18 one- 
day institutes in addition to the county institute. 


COUNTY INSTITUTES. 


The attendance at the 79 county institutes has been 58,914, or an 
average at each of the 377 sessions of 156, besides 5,193 at the State 
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Round-up institute with an average attendance of 519 at each of the 
{en sessions. 

The county institutes lasted two days, except as follows: In Mason 
county there was a four days’ farmers’ school under the direction of 
the county secretary, Mr.-C. A.’ Rinehart, who is also county commis- 
sioner of schools; in Manistee and Grand Traverse counties the meet- 
ings lasted three days, the last day being joint farmers’ and teachers’ 
institutes; and in the upper peninsula it was thought best to only 
hold one-day institutes. 

For these meetings two speakers upon farming topics, and one lady 
were furnished. At mest of them, there was also an additional speaker 
to take the third hour in the afternoon and to give an address in the 
evening. Good Roads, cement and education were among the topics 
considered by this speaker at the afternoon sessions. 


ONE-DAY INSTITUTES. 


At the 540 one-day institutes, the total attendance was 80,054 or 
an average of 100 at each of the S02 sessions. 

The interest and attendance shown at the one-day institutes was 
more than satisfactory. At a large number of places the people could 
not be accommodated with seats and often standing room was at a 
premium. The only meetings which have not been satisfactory have 
been those where the county secretaries have not given personal attention 
to them and where the local managers have not taken pains to see that 
the meetings are properly advertised. 

It should be stated, however, that in a great majority of the counties 
the secretaries have not only visited the different points where in- 
stitutes are to be held, and aided the local managers in making the 
preliminary arrangements, but they have in many cases spent from one 
to two weeks in attendance at the institutes. The presidents of the 
county institute societies have also devoted much time both to arranging 
the institutes and attending the meetings. 


WOMEN’S CONGRESSES. 


About the same number of counties have had separate sessions for 
the women as in previous years, and where suitable arrangements have 
been made for them, and they have been properly advertised, they have 
been well attended and have been very helpful. 

In most places they have been held in the afternoon but in a few 
counties a session has been held the second evening and the exercises 
have been in charge of the ladies. 

The plan of having a Women’s Congress during one or both after- 
noons of the institute seems to have much merit. While there might be 
topics that would be instructive and interesting to them on the pro- 
gram in the general session, it would seem that a separate session would 
be more helpful, as it tends to bring the women closer together than 
would be possible if joint sessions only were held. Then, too it brings 
together the women from the farms and those from the towns and they 
not only become acquainted personally but they learn from each other 
and thus obtain a broader view of life. 

Not the least of the advantages of the separate sessions is that the 
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women feel more free to take part in the discussions, and while at the 
general session they might not even ask a question, but the free dis- 
cussion which is so helpful is common at well conducted women’s ses- 
S1ons. 

In some counties they haye arranged for a Women’s Congress with 
two sessions, either forenoon and afternoon, or on two afternoons; 
and in still others, three or four sessions are held during the year. By 
holding them in different parts of the county it not only enables all 
of the women to attend at least one of the Congresses, but it affords 
an opportunity for the different localities to come into closer touch for 
the common good. 

In the counties where the ad interim Women’s Congresses are being 
held, they are conducted more along the lines of mothers’ meetings, 
community clubs or housewives’ leagues. In many parts of the state 
the women are manifesting*more and more an interest in just such meet- 
ings and the plan is to supply this demand, so far as possible, and to 
furnish an outline for each Congress to follow. This part of the work 
will be more in the nature of home study clubs, and will be supplemented 
with suggestions and helps from this department and the loan collee- 
tions of books and pictures furnished without charge by the State 
Library. 


EXHIBITS AT INSTITUTES. 


Among the interesting features at a large number of the institutes 
were the exhibits of corn, grains, potatoes and other vegetables, bread, 
butter, plain sewing, drawings, etc. At several places exhibits of work 
by school children were made. 

A large proportion of the exhibits were by boys and girls and at some 
of the meetings the exhibits were made under the auspices of the Boys’ 
Corn Club, which also held separate sessions at which a regular program 
was carried out. At other institutes the exhibits were secured either 
by the secretary, or by a committee on exhibits, appointed to take charge 
of the work. 

Premiums of considerable value were generally arranged for, either 
from the treasury of the institute society or in the way of cash, farm 
implements, merchandise, ete., offered by individuals. 

Such exhibits should be encouraged, as they not only add to the in- 
terest and attendance at the institutes but they are instructive and 
inspiring and serve to induce a greater interest in farming and farm 
life, both on the part of those who make the exhibits, and those who 
view them. 

In arranging the premiums, those for boys and girls should have 
particular attention, and an endeavor should be made to have them of 
an educational nature, such as trips or short courses at the Agricultural 
College, trips to the State Fair, books on agriculture or home economics, 
ete. 

The larger prizes should only be offered for the growing of a half 
acre or more of corn, potatoes or other crops, and the contestants should 
not only be required to keep a careful record of the growing of the crop, 
its yield, ete., as well as make an exhibit of the product, but the re- 
ports of those who receive the prizes should be read at the county 
institute. 
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There should be similar requirements in the case of girls who compete 
for prizes upon bread, butter, sewing, laundering, ete. 


ACKNOWLEDGMENTS. 


The institute work carried on during the year has only been possible 
through the co-operation of other state institutions. 

As usual, the normal schools have furnished a number of speakers 
for the county institutes as well as for the one-day meetings. Much 
good has also been secured by the co-operation of the school commis- 
sioners in a large number of counties who have furnished a speaker 
upon educational topics for two sessions of each one-day institute held 
in the county. The State Highway Department has as usual co-operated 
by furnishing speakers, as has also the State Dairy and Food Depart- 
ment. 

Several members of the Agricultural College faculty, as well as of 
the Experiment Station and Extension departments, have also attended 
a large number of institutes. Arrangements have also been made with 
the State Library Commission, State Board of Health, and the State 
Pioneer and Historical Society, by which representatives of those or- 
ganizations should appear on the program of the institutes. 

One of the first rules in the selection of speakers and topics for farmers’ 
institutes is that nothing which savors of advertising shall be allowed 
upon the institute programs, hence great care was exercised in making 
the selections. A number of corporations have organized extension de- 
partments in charge of experts whose duty it is to bring before the people 
the proper methods of using the articles manufactured or sold by the 
respective firms, with the idea that better results would be secured, and 
hence being satisfied, it would lead to larger sales by the company. 

Among these firms are, the Universal Portland Cement Company and 
the German Kali Works, both with offices in Chicago. Arrangements 
were made with each of them to place one of their lecturers upon the 
programs of a number of the institutes, with the understanding that they 
were to only discuss the proper methods of using cement on the one 
hand, and fertilizers on the other, and in no way urge the merits of their 
particular brands. 

This was closely adhered to by the speakers, and much good should 
result from their efforts. 

These men were furnished without any expense, whatever, and as the 
lecturers from the different state institutions have merely received their 
traveling expenses, the co-operation in this way has materially increased 
the number of institutes it has been possible to hold. 

The U. 8. Department of Agriculture not only co-operated by allowing 
the county and district agents to take an active and helpful part in the 
county institutes, but furnished two speakers, Professor Clinton and 
Miss Bailey, for the State Round-up institute without expense. 


CO-OPERATION WITH COUNTY AND DISTRICT AGENTS. 


During the year agricultural agents have been appointed in several 
counties through a joint arrangement between the Michigan Agricul- 
tural College, the U. S. Department of Agriculture and the County 
Farm Bureaus. Dr. Eben Mumford was chosen as State Leader and 
several district supervisors were selected. 
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Some of the appointments were not made until after the arrange- 
ments had been completed for holding the institutes, and the fact that 
most of those who had been appointed up to that time were called to 
Washington to a conference for three weeks in January, the time when 
most of the institutes are held, prevented any very complete co-operation. 
Hon. Jason Woodman, agent for Kalamazoo county, and J. H. Skinner, 
holding a similar position in Kent county, arranged to attend all of 
the institutes in their respective counties, and also effected an exchange 
for three institutes. 

Mr. H. J. Smith attended the institutes in Montmoreney, Alpena and 
Presque Isle counties, and Messrs. M. J. Thompson and Chas. P. Reed, 
supervisors for groups of twelve counties, including respectively most 
of those in the 9th and 11th congressional districts, were able to at- 
tend at least one institute in each county in their respective districts. 
The work of Mr. Thompson was especially helpful as he attended 25 in- 


stitutes, besides aiding in making the arrangements in several of the 
counties. a 


SPEAKERS AT THE ROUND-UP. 


The list of speakers at the State Round-up Institute was an unusually 
strong one. It included Dean Eugene Davenport of Illinois, upon, “The 
Need of Improved Live Stock,” and “Recent Progress in Agriculture ;” 
Dean R. H. Price, of Ohio, upon “Farm Credits,’ and “The Present 
Trend of Agricultural Education; Prof. ©. G. Williams, of Ohio, on 
“The Use of Farm Manures and Commercial Fertilizers,’ and “Corn 
Improvement by Selection and Breeding ;” Prof. O. F. Hunziker, of 
Indiana, on “The Care of Market Milk,’ and “Economical Rations for 
Dairy Cows;” Prof. L. A. Clinton, of the Farm Management Bureau, U. 
S. Department of Agriculture, who spoke upon “Potato Culture,” and 
“Farm Management Work of the Department of Agriculture;” and Miss 
Ilena Bailey, also of the same Bureau, who spoke to the ladies upon 
“How can we Solve the Problems of the Farm Home,” and at the gen- 
eral session upon “The Farm Woman’s Share in Improved Agriculture.” 

Of Michigan speakers, Prof. J. A. Jeffery perhaps did most to make 
the meeting a success, as he gave four lectures upon land drainage and 
the use of plows and other farm tools. The list of those who took part 
either in the program, or in providing the exhibits and demonstrations 
is a long one and need not be repeated here. All of them aided ma- 
terially in bringing off a successful meeting. 

The music was provided entirely by individuals or organizations at 
the college. The arrangements were under the charge of Miss Louise 
Freyhofer, the college Director of Music. The college band and Girls’ 
Glee Club each furnished the music for one eyening and received many 
encores. 


RAILROAD TRAINS. 


In former years from fifteen to thirty days have been deyoted to rail- 
road institute trains, but during the past fiscal year only two days have 
heen spent in this way and these were the first two days in the year which 
were spent in finishing up a trip upon the Ann Arbor railroad. 

From the fact that trips had been made over practically all of the 
roads in the state within two years, no attempt was made to arrange 
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for such trains except upon the Grand Trunk, for which a ten-day trip 
was planned but it was finally given up. 

Several roads whose requests ‘for trains were declined tast year have 
asked for trains during the coming season and it is proposed to spend at 
least three weeks in this way. 


AN APPRECIATION. 


While the preliminary work of planning for the institutes, such as 
fixing the dates, securing speakers, making out programs, etc., is done 
in this office, the real work of making the arrangements for the insti- 
tutes devolves upon the county secretaries and local management, as 
unless they see that each of the details has attention, and the meetings 
are thoroughly advertised, the institutes are likely to be failures so far 
as interest and attendance are concerned, however carefully the work 
in this office has been done. For these reasons the excellent work 
done by nearly all of the county secretaries and most of the institute 
officers is hereby gratefully acknowledged. 

Splendid service was also rendered by the institute lecturers. Sev- 
eral of them have been on the force for a dozen years or more and 
when they are present at an institute, favorable reports are generally 
received. The reports received from the county institute officers re- 
garding the ability of the lecturers have been, without exception, very 
complimentary, and the efforts they have put forth and the loyalty shown 
by them, merits the highest commendation. 

The work in this office has been under the direction and oversight of 
my assistant, Miss Vesta C. Haney, who has been ‘in charge of the office 
in the absence of the writer, and has materially assisted in the prepara- 
tion of this report. The supervision of the women’s meetings and com- 
munity clubs, has also been in her charge and she has offered’ many 
helpful suggestions that have had much to do in securing a successful 
institute season. 

Respectfully submitted, 
In RB, TAFT, 
Supt. Michigan Farmers’ Institutes. 
Hast Lansing, Mich., June 30, 1913. 
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TWENTY-SIXTH ANNUAL REPORT 


OF THE 


EXPERIMENT STATION 


OF THE 


Michigan -Agricultural College 


UNDER THE HATCH AND ADAMS ACTS 
FOR THE 


YEAR ENDING JUNE 30, 1913 


For members and organization of the State Board of Agriculture in charge of the Station 
and list of officers, see page 13 of this volume 


REPORT OF SECRETARY AND TREASURER. 


The following shows the receipts and disbursements of the Experi- 
ment Station for the year ending June 30, 1913. 
Dr. Cr. 

Atl Ogee sO 2 ROM RIANCE OVENUPA WES coil cesta cicvelciarate nyosh aicteco vere sila ats, cvatetleeratera stein e ettrn orotnctal ceed weleu c $1,708 78 
July 20, 1912...... TECeLVECtrONIUsion LLCASUPYs c ciiseeue cto ste cael oie sacumioecuelneas cen $2,500 00 
Sept. 13,1912: ..... TECELVERUEOM AU sO cMLECAUITVic.s seem nue ote sintemiciedm ae Lam een ame: 5,000 00 
Oct: 12) 1912" -.:.. FECELYCOMTOMAU SOA LPCASlINY rea aaa Gaal A icine cnet ne ae nano 7,500 00 
dane lo; L013... :. TECELIVEOHTOLINU cic LLCABUEV arte ihe cine cise einteciyaaieyafu nicl been ot carn vow 7,506 00 
April 16; 1913. -...- FECOLVEGROMMW ens WERCDSUNY salen cers terete ie ctaciete ram alevaresa acvlerayaa bs orefesnic ne wake 7,500 00 
June 30, 1913...... license fees, 286 brands com’l fertilizers................00.cceceeeceeceees 5,720 00 
LATIN ANCHMISCEMANEOUS LECCLOES crocieisicnatt-tais oyster oie toate cinre or aperetone. ine 362 80 
from State appropriation, South Haven Experiment Station............... 2,000 00 
from State appropriation, U. P. Exneriment Station...................... 15,000 00 
South Haven Experiment Station, receipts. .... SPRL S20 e eaceiveraca era ete Sevare 199 70 
U. P. Experiment Station receipts................... De acer chenomor 3,252 15 

By disbursements as per vouchers filed in the office of the State Auditor General]............ 52,633 02 

Balan cetOni ands eves b yco sce ore Tere = ayers area os ho sess eee cierone chara Pees Ell etecoemciste hor slote 2,192 85 

BUDO Leh emetopeaiee neratetecetet feces le ers cis eee avarecte ie aptncta tarais ote Cxarharn Ra eats levers evawrtee nade $56,534 65 | $56,534 65 


Two hundred fifty thousand regular bulletins Nos. 268, 269, 270, 271; forty-five thousand special bulletins Nos. 59, 60, 61; 
fifteen thousand technical bulletins Nos. 12, 13, 14, 15, 16; thirty thousand circular bulletins Nos. 18, 19, 20; two thousand press 


bulletins Nos. 28, 29, 30 have been issued by the Experiment Station during the fiscal year. 


DISBURSEMENTS ON ACCOUNT OF U. S. APPROPRIATIONS, 


Hatch fund. | Adams fund. Total. 

Salaries: 

Director and cther administrative officers.............02cccceececcceceecceess $2,078 90 $291 50 

STRUTT STRATE he Pa ny A ee eR Sarr a aye e 3,091 00 1,125 00 

ACMUAPAN LSILO SCIEN ti CIStAin meni fe a srcrecce oh id cia ihe ln eainracu ss Poe aetna 3,384 65 9,452 56 
Labor: ; 

Anunalyand monthly sem ployeesie ccc <c'0 osc os since esse ee te ce sev sao heasceeee 1,572 31 357 58 

Weeklyrdailysand hourly as needed :..). s.)52cceseececsntacecec ses cideccsu ets 1,229 78 1,104 94 
Publications: 

For envelopes for bulletins‘and reports............0.00csecceececeuceeevtees ASROO! Np. tohotere arseerse 

AEH ERICKDENSCS Aptis Spaces soit ON Sorte ori cine ai sighnicke ae Nahe hae eine ate 7 ir Sl ae te 
Postage and stationery: 

TERI GAS CR CHO OSD BCA JR OS GS BR EBERT CREP Sennen SITE Se Enron Corr 210 02 2 03 

SUA CN Reap one oa Onna An OeUEa ho BboC DOD Om CO COR de ore Senet e aera nie 119 74 13 20 

PREleEraph ANC jLeeDnONe = seme neem tore ee Aredia ee es Bee emi ce PESOS ones 
PETE eat CL CX DLE Ncw tate UR OE Necro chore dayeys vicky tind Sal olere svete ehorere oid ore 4 75 3 87 
EAE MIE it WALL ANGNDOWEL sae aaniees Seis oeeee ne tna ait ones © sees be aces LB 32h. cece 
Chemicals and laboratory supplies: 

(CLIGITIN GA EI SaaS eee ee nen NACE ane ar ere mee 217 57 280 19 

COLNE (ite e ERA ee ae Re te ee ey ie a ere ne 295 95 446 19 
Seeds, plants and sundry supplies: 7 

PATIGUL nT Ae eet yetcter, Ret tor ote, octet aietarornis leet alniare ec etabeiai are. sietiernlae seatetieterete TE?) Weornbaoneboos 

ELON EACUULGLITSL leat cto’ ereiateisiate a oaks eles ore ote etounee, J oberon, sraeo i Senare eit ebies rete DATROZEl esis oe care 

ESO DAMIR sien a Potceate crete aretha ae mre ctate a lara te areata tets tauhe ateiaea are Shaya inferior sts 57 40, 55 18 

EMCOMMO OP ICAlc art-y toe ete eins cis eieTSie Sat oe ale ated eae crease cee reigio meat taictalove os aio il 58, 17 59 

SACLGEIONO RICA sey persia crclare ose icicinrs ool Sere eo hake eri eros accisiotale osiey a ane aieiote 68 853 57 15 

LOT STAG Res oc eae GEESE ene O ce Deter ret Gan Sen Cece mic ee eemncode 49 22 8 02 

LIS eee Pate teva eae arate assis Te cre Tee eae Tack re ele late ec pales Taal etaseyerat ciaareiarats 10 27 

TREC LOMAS OL CE ee cye «ar stocassore Sites slo Tee ora crate ates aS IEICE, where Oui alk ateutas SO ADE ies ere teree isc 
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D{SBURSEMENTS ON ACCOUNT OF U. 8. APPROPRIATIONS —Concluded. 


Hatch fund. | Adams fund.} Total. 


Scientific apparatus and specimens: 
ive soil thermometers” <ciscc ete et am oN cade wad Ub mace lass.cre corona vies -<feisteters 
One rotary pump with motor. 
One induction coil........... 
One resistance box....... 
One Kohlrausch Bridge.......... 

One temperature indicator..............-... 
One A. C. galvanometer 
One generator Be Cea ae ain ere Celene wie Roles ranienis wtelem sci da enters 

Ono vesistanice DOs. str s Pecunia bd veiw Wa Cie Os Se Co aivoomee sepia eee 
One 179.92 Grm platinum 
ON STOCSRY PUL ye as og mace ini of olsen tm cmibinisielaiecsiois pjainis aie’ sfuimicien sare wie eminiale 
On wardean case 
On wardean case 
Other purchases 


ee 


ee ee 


Feeding stuffs 


Library: 
One copy physical papers 
Cie GOP yy MNS VION a Nee cehrenc civic, cases sie wicesteunie oiatares Sih Siw opine tine o.eeinome «ee ell re wa aiqecciateuaid 
One copy Phys. of es Herecduntioa 
RINE MOP YMUNEVINGH <22o cre ch psies Covet os oon cana hedmmiterse oniew oelsisciels pineal « wornan/ainre sete 
One set eitschr. ra Physik Chemie 
Ona peu HGleCts LUN POrUM 4.5 fcc cca tig eeaeie else ets stew  civlels oie Sisiais cicte sw vinielors 
One set Arbeiten sus. d. k. biolog 
One Chemisches Centralblatt 
mdm DOivOlumMcs & MNOTOCCO. |. sie ash acne acon ce Ord cowe ccteieine o Se sie win alors 
One set Journal of Physical Chem. Vols. 1-13 
One copy Biodhemischie:Zeitachratt sass cece « ae ara sclera talea cla/blmereinse sue oli siatete 
One set Cent. f. Bakteriologie Orig. Abt 
One gatiCents £1 Bakteriolopie Rel. co. csc cere ciel core coh nate citwe cele ieetens 
One set Cent. f. Bakteriologie 2 abt 
One copy Chemishes Centralblatt 
One set Geneva Insectorium 


Pee eee eee eee Hee eee emer e eee eeeeees een eases eeeestseeHer nesses sese® 


Pee ee re meee remem are te ne ase eee reseseeeseereeesserisversseeseee 


ee ee 


Six vol. Icones Fungorum Lucusque Cogrutorum.............20eeeeeeeee eens 176 10 

Mise MEO <5 Cx o. hice ictc/sichs wine Sinbebotirer Sesele oie cateretatataletais ore micleloy ops afeecio sete 467 80 
Tools, machinery and appliances: 

New PONCGH AGES 72 ain'a stata vine cm cbicine diarelntalc sobs a ole gBlee wis Stas sfoleimscioia eibiminal = si 46 50 

RGDRITA wise a'ora oo (ois cate oi sialoalete als otters Rial ort aia oe wae stated ate id baa 6 Serseceteiarehes 15 20 


Furniture and fixtures: 
Two sections Gunn’s bookcase 
One No. 352 cabinet 


MOTO GH As is. Coecielyo es civ Sie neta cle « Selene ernie a larete lve ataGiercinravorsieloratitstetelateie ‘ 4 00 

OVO NCR DIETS es ccc ein ae ie ciotaln & SiC R ER iicto nie clele avait sali tc Oa mise eeidke tere lee 16 40 

CG VONTIEUG MNIG NO: GOL creer ster ce ate cice ice Pacslein wn amas tresineteleemeee aioe 25 65 

MORALE, INN CLARO Soe haces al hroce Ohta cle tie mrtvo oe ol lova i Oro ayoare Salat peel ave retain shale - 5 56 
Live stock: 

SSIs OXPERIMONCAL ANIMIAIS', <<, ears oo. de au 5 owiculaaie g's. clsiove ena -t loin; oleate eesti vatue orale laren ai='a ean) atee 
Traveling expenses: 

TM RUPACVISLOTL OF HLAtON WOLK... 3202s 2 -tcanccaachicb ees snaies dpe ie oetenie.c Ieee 54 O1 


In connection with investigations under the Adams Act. .........--.0200eceeee|eeereeeeeeee 
For other purposes connected with station work 


AaTE CANT GXTHOIINGH 85 250s ovis: ctx Sine Sik, saie ns tnsw fale wile alare’atateratalais ormtealv@tainie Silo caiete 20 00 
LofTT Pi Thy BG HCG ea eo Sebag cra, ARO ale int ye CAMP AN SE, ce or 36 04 


EXPERIMENT STATION REPORTS. 147 


DISBURSEMENTS OF EXPERIMENT STATION MONEYS—OTHER THAN RECEIVED FROM U. 8. TREASURER. 


SIEWIES, SANS Eieddond et acho don cadd Coco lP Ogun Cobdoc anon OROBAbaaacgO DTU COdNS coe cco [ei ars aC. 
Oe Sa aetorig Ons QenGGUS SOC OB ODGTC HOU OCACHOD SORUCOOPOOL OOEAGCOULOOCOn EPO SE OTe nree) 7,265 83 
FRAO ae eR nea Teta tae tee te er Rete seta Dales onion eb cltshaie cetale Ould.d nate | 15 07 
RONLACO AN Shc ON ENUMae reer ice eoree i-teme one eit) apres icone. cick oi creialtaete tats reticle e Sais 682 28 
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REPORT OF THE DIRECTOR OF THE EXPERIMENT STATION. 


To President J. L. Snyder: 

The work of the Michigan Agricultural College Experiment Station 
is quite fully outlined in the individual reports of the heads of the 
divisions which follow. As was stated in last year’s report further ex- 
tension of station work is dependent entirely on supplementary state 
aid for the federal appropriations. During the year the $15,000 Hatch 
fund was divided approximately as follows, viz: for salaries $8,554.55 
and operating expenses $6,445.45, while the $15,000 Adams fund was di- 
vided as follows, viz: Salaries $10,869.06 and operating expenses $4,- 
130.94. Of the state funds $3,338.45 was apportioned for salaries and 
$3,417.52 for operation. These sums do not include the appropriations 
for the sub-stations which were as follows, viz: South Haven Fruit 
Sub-Station $2,258.44 and the Upper Peninsula Station at Chatham 
$13,618.61. 

It is evident therefore from the above statement that further additions 
cannot be made to the present staff of investigators without supple- 
mentary state aid. There is perhaps no state in the country which pre- 
sents a greater variety of problems because of varied production due to 
great variation in the character of our soils and the peculiar and 
favorable conditions of environment due to geographical location. There 
are many lines of production needing the support of the station at 
present which we are unable to meet. 

One change only, has taken place during the year so far as the per- 
sonnel of the Station Council is concerned. Professor J. A. Jeffery, Soil 
Physicist of the Experiment Station, resigned about the close of the 
year to accept the position of Commissioner of Agriculture and Immi- 
gration for the Duluth, South Shore and Atlantic Railroad. While the 
efficient services of Professor Jeffery will be missed, still the new posi- 
tion presents a large field of endeavor and it is hoped that his work in 
addition to the college extension work in the Upper Peninsula will 
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prove to be a stimulus which will accelerate the development of the 
agriculture of that region. Changes on the advisory staff have been 
noted by the various departments. The Poultry and Farm Mechanics 
departments have been oflicially connected with the Station during the 
year. 

At the Upper Peninsula Station at Chatham, Michigan, the work of 
land clearing and seeding have continued. Last year about one hundred 
acres of hardwood stump land was burned over and seeded. The stand 
of mixed clovers and legumes this year is almost perfect. In addition 
to the regular stock equipment three cars of yearling wethers have been 
shipped to Chatham from Chicago for grazing and browsing purposes. 

During the year pedigreed animals of the following breeds of live 
stock were sent to equip the Chatham Station, viz: Holstein cattle, 
Rambouillet and Hampshire sheep, Duroc Jersey swine and Barred 
Plymouth Rock and White Leghorn chickens. 

During the present season construction work is in progress on the 
dairy barn floor and stall fixtures, root celler, silo, ice house and piggery. 
The supervision and much of the actual work is being done by the Farm 
Mechanics staff of the college. 

Since the opening up of spring nearly three and one-half miles of woven 
wire fence has been built with cedar posts a rod apart and wire forty- 
two inches high with barbed wire on top. This fencing is nearly all 
for purpose of enclosure along public roadways. 

A report of the South Haven Sub-station is given separately hereafter. 

The following is a report of the work in progress in the Department 
of Animal Husbandry: 

“During the winter of 1911-12 records were kept of the cost of winter- 
ing the beef herd. All of the females were bred to calve in the spring 
of 1912 and were wintered as economically as possible and turned on 
pasture early, the calves being allowed to run with them. The object 
of this work was to determine the cost of raising a beef calf to one year 
of age. 

“Starting in January, 1912, an experiment has been conducted with 
young calves to determine the advisability of using preservatives to 
keep milk sweet for calf rearing. Three lots of calves are being fed, 
Lot I receiving sweet skim milk direct from the separator, Lot Il milk 
kept sweet by the use of formaldehyde and Lot TIT milk which has 
been allowed to sour. 

During the latter part of May two Tamworth sows were bred to a 
Poland China boar, two to a Duroc Jersey boar and two to a Berkshire 
boar. The pigs will all be raised to a marketable age under identical 
conditions to determine the best cross for profitable pork production.” 

The following is a list of the publications of the year, viz: 

Regular bulletins— 

268—Wheat Improvement, by F. A. Spragg. 

269—Fertilizer Analyses, by A. J. Patten, Arao Itano, Wm. C. Marti. 

270—Seed Analyses, by E. A. Bessey. 

271 Alfalfa Growing in Michigan, by V. M. Shoesmith. 

Cireular— 
18—Cover crops for Michigan Orchards and Vineyards, by H. J. 
Eustace. 
19—Cucumbers as a Cash Crop, by Walter Postiff. 
20—Starting a Lawn, by C. P. Halligan. 
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Technical— 
12 Neutral Ammonium Citrate Solution, by A. J. Patten, CG. 8. 
Robinson. 
13—What is the Antigen Responsible for the Anti-bodies in Dorset- 


niles Serum? by Ward Giltner. 

14—Infectious Abortion and Sterility in Cattle, by Ward Giltner. 

15—the Influence of Certain Acid-Destroying Yeasts upon Lactic 
Bacteria, by Zae Northrup. 

16—The Bacterial Activity in Soil as a Function of Grain-Size and 
Moisture Content, by Otto Rahn. 

17—An Investigation of Soil ae ot and some of the most Im- 
portant Factors Influencing it, by Geo. J. Bouyoucos. 

Press— 


g Lightning Rods, by A. R. Sawyer. 
Special— 
59—Small Fruit Culture, by Frank A. Wilken. 
60—Celery Culture in Michigan, by C. P. Halligan. 
61—Spray and Practice Outline for Fruit Growers, by R. H. Pettit, 
H. J. Eustace. 
R. 8S. SHAW, 
Director Experiment Station. 
Kast Lansing, Mich., June 30, 1913. 


REPORT OF THE BACTERIOLOGIST. 


Director R. 8S. Shaw: 

Dear Sir—The Experiment Station work of the Bacteriological Labora- 
tory has continued throughout the past year along the same general 
lines that were in operation at the close of the preceding year. We 
have made an extra effort to place the results of our investigations 
and endeavors in such form as to be of immediate and tangible service to 
the farmers of the state without in any way interfering with the quality 
of pure research. 

Concerning the soil investigations, I can with a certain degree of 
safety predict the dawn of a new era as a consequence of the patient 
and painstaking work of Dr. van Suchtelen with the loyal support and 
admirable technic of Mr. Itano. For successful research in soil bac- 
teriology, it would seem to me essential that there be prepared or iso- 
lated the substance essential for the life and growth of the soil micro- 

organisms, viz: the soil solution. I have carefully followed Dr. van 
Suchtelen’s work and am satisfied that his viewpoint is correct and 
that his results are based on correct ecological principles. It is also 
clear to me that with this work as a basis we are now in a position 
to accomplish something fundamental biologically whether in micro- 
biology or in plant physiology. A general outline of Dr. van Suchtelen’s 
work is quoted directly : 


INTRODUCTION. 


“After a careful study of the literature of soil-bacteriology, I may 
say that it is my conviction that most of the present investigations in 
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soil-bacteriology have little or no practical value for applied agriculture. 
These investigations may be classified as follows: 


I. Numerical determination of bacteria in soil. 
II. Determination of species in soil. 
III. Transformation experiments after Remy, Léhnis, ete. 


These experiments, however valuable they may be theoretically, have 
practically no value for a practical agriculture, because they fail to 
consider the fact that the bacterial content of the soil is determined al- 
most entirely by the physical and chemical conditions of the soil and 
that the microflora in the soil exists in the soil solution. If it is our 
final aim to aid agriculture, then soil bacteriology can be successfully de- 
veloped only by a thorough study of the soil solution and by influencing 
this solution intelligently so as to make the work of the soil bacteria 
more profitable. 


In physiology we recognize the influence of environment on the single 
cell. Not only if we take the high water content of the living substance 
into consideration, but also if we consider metabolism as the manifesta- 
tion of the phenomena of life, the importance of water in the life process 
is made clear. Without water there is no life. By adding to or diminish- 
ing the water of the living substance within certain limits, we increase, 
diminish, or limit the intensity of life processes. The environment of 
bacteria is water, and soil bacteria form no exception. There, where 
there is little or no water at their disposal, the metabolic processes are 
reduced to a minimum. Spores, cysts, and other defensive organs are 
the results of the dryness of the medium. In a former publication’, 
the author has tried to make a numerical comparison between the water 
content of the soil and the activity of the soil bacteria. As an indi- 
cator the carbon dioxide production in soils was chosen, a metabolic 
product that is formed in nearly all life processes in comparatively 
large quantities, and in easily detected form. Without going into detail 
with these experiments, I will say that if the soil contained only 4.4% 
of water, the soil bacteria would be unable to attack the easily broken 
down dextrose which was added to the soil. I take this as an example 
illustrating the overwhelming importance of the water content for the 
biochemical action in soils. 

From the foregoing it is clear that water is the medium of soil bac- 
teria. Although one cannot make in practice a sharp distinction be- 
tween the quantity and the nature of the water, I should like to cite 
the experiments of Beyerinck® as evidence of the influence of the nature 
of the water, on the microébrganisms. His experiments deal chiefly with 
unicellular organisms, and let us say here that the “ecological method” 
proved to be of especial value, in the case of the lower organisms, be- 
cause they are unicellular and expose in comparison with their content 
such an enormous surface, on which the medium can act. 

In his classical investigations Beyerinck showed the dominating in- 
fluence of the nature of the water environment on the behavior of 
the microérganisms. How uniform was the material with which he 
started must be noted, for it wes in many cases the mud of the canal 


‘1F, Hesselink van Suchtelen, Centr. bl. f. Bakt. II Abt. Bd. 28, S 45. 
°F. Stockhausen, Oekologie Anhaufungen nach Beyerinck. 
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in Delft. By influencing intelligently the life conditions of bacteria, 
such as oxygen and food supply, temperature and many other factors, 
he was able to predict and to obtain with mathematical surety the pre- 
dominating flor 

In such experiments as this on the nature of the water, Soil-Bae- 
teriological Science finds its greatest promise. 

If we ask ourselves: What is the ultimate aim of the applied science 
of Soil Bacteriology?, the answer must be: The aim of Soil Bacteriology 
(aside from the purely scientific interest) is to put the action of the 
soil bacteria in the service of agriculture, to suppress the detrimental 
species and their action, and to encourage the beneficial bacteria like 
those which accumulate nitrogen, and such as make available those com- 
pounds of the soil which are in a state not available for plant nourish- 
ment. 

To accomplish this, or, in other words, to influence the microérganisms 
in the soil intelligently, presupposes the necessary knowledge of the 
environment of the bacteria, of those factors which are at our com- 
mand, that can be varied as we desire, such as oxygen supply, water, 
reaction, ete. 

Let us now consider the soil and let us treat “it from the point of 
view of a medium for the microflora. Soil is composed of three states 
of material, solid material, water and air; and these three states have 
a marked influence on each other. The soil bacteria are living in the 
soil water, but this soil water is influenced very markedly by the solid 
material and by the air. It is this that makes the soil a difficult medium 
to investigate. I might say here that I know of no medium that is so 
variable and complex as soil. If we consider milk in this respect, the 
air, and the solid substances, play only a very small réle. It can also 
be said that the milk of different cows does not differ materially as a 
medium for the bacteria. On the other hand, we know how large are the 
differences in soils which must necessarily: influence their microflor: 

We encounter still another difficulty if we remember the fact that our 
medium (the soil) is very difficult to sterilize. Only by the action of 
powerful agents are we able to sterilize the soil, in fact, the changes, 
which are necessarily brought about by this sterilization process, are so 
marked that we doubt even if we may eall this sterilized medium, soil. 

This means that in the case of soils we are practically deprived of 
the opportunity of recording the action of single species of microérgan- 
isms. Further, soil is especially characterized by enormous surfaces. 
To give an idea how great the soil surface is, I should like to cite the 
work of Alfred Mitscherlich® who came to the conclusion that the outer 
surface of one gram of quartz sand was 1.38 square meters and that of 
one gram of clay was 966.7 square meters. These enormous surfaces 
give us an idea of how closely the soil water can be in contact with 
the solid soil substance. 

In regard to the permeability, I regret to say that we have but very 
little trustworthy data. The reason for this is evident, namely, that 
the many \ values obtained with air-dried soil do not permit any con- 
clusions for field conditions. We may say, however, that the permeability 
of the different soils is extremely y variable. 

From the foregoing, it is clear that, even in fine tertiary quartz sand, 


3A. Mitscheriich, Bodenkunde fur Land und Forstwirte, 1905, pp. 49-73. 
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which has so great a surface, there is great possibility for action be- 
tween the soil water and the absorbed substances on the soil grains. 

To the question, What is the nature of these reactions between the 
soil water and the soil particles?, the answer cannot be very satisfactory. 
Permit me, however, to draw your attention to some experiments which 
give us the right to suppose that these reactions are different from 
ihe reactions that occur in a beaker or a test tube. 

Aside from the phenomenon of selective absorption which we know 
takes place in soils, we have at our command a number of experiments 
performed by the most distinguished chemists showing that the amount 
and kind of surface possesses marked influence on the reactions. I cite 
here the work of van’t Hoff who concludes that both the nature and 
the amount of surface exposed have an influence. The inversion of 
sugar is affected by the nature of the walls of the containing vessel, and 
its reduction by Fehling’s solution is affected by the ‘walls and the 
amount of cuprous oxide formed in the reaction. An admirable ex- 
position of this phase of the subject may be found in “TheMineral Con- 
stituents of the Soil Solution,’ by F. K. Cameron and James M. Bell.4 
In the case of soils where we have so large a surface and such thin films, 
absorption, surface tension, and other not-well-defined molecular forces 
may and will play their réle. 

It follows then that the addition of an excessive amount of water to 
soils (drainage) changes the conditions, i.e. salts that were not in solu- 
tion in the soil solution will be found to be dissolved in the drainage 
water, and we have therefore, the right to suppose that the drainage 
water is different, in a qualitative and quantitative respect, from the 
film water which surrounds the soil particles. It is, therefore, impos- 
sible to make any conclusion, from the analysis of drainage water on 
the soil solution as it exists in the soil, because the dissolving process 
is probably not proportional to the amount of water added. 

On account of the importance of the environment of the soil bacteria, 
a knowledge of the solution as it exists in the soil becomes most urgent. 
And here we may add that this subject does not only concern the-lower 
forms of life, but in the case of higher plants also, the study of the 
soil solution promises fruitful results. 

So I have directed my study towards this theme and have been seek- 
ing a method which would furnish me some soil solution. Here, again, 
we meet with some difficulties which I should like to mention briefly. 

It is absolutely impossible to obtain a comparison between the ob- 
tained soil solution and the total soil solution, because every method for 
securing the soil solution can give only a percentage of the total solu- 
tion, as the last traces of soil water are held back tenaciously by great 
forces. 

The method finally adopted consists of the displacement of the soil 
solution by means of paraffin oil. There is something depressing in the 
impossibility of being able to verify our obtained results with the 
reality. 

With the kind assistance of Mr. Itano, some experiments have been 
made. Sulphurie acid of known strength was added to carefully 
washed, dry quartz sand. After this, paraffin oil was poured on the 
‘sand and by means of a suction pump the acid was regained. The 


‘Bull. No. 30, Bureau of Soil, U. S. Dept. of Agriculture. 
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titration showed that the so-obtained acid did not differ from the acid 
which was used in the experiment. I am perfectly aware of the fact 
that this experiment has practically little bearing on soil conditions. 
The fact, however, that our regained solution had the same composition 
as the solution originally employed does not mean that our method is not 
permissible. 

There must be considered, then, the nature of the medium with which 
we displace the soil solution. We may congratulate ourselyes on the 
choice of paraffin oil as a medium. With the most refined instruments 
that were at our service, we were unable to detect any change in the 
solution when it was brought into intimate contact with the paraffin 
oil. We found then, that the inactive paraffin oil did not change 
the electrical conductivity of the soil solution, while the chemical 
analysis also showed that there was no change brought about by the 
action of the paraftin. 

The third method which we employed was the measuring of the 
surface tension. We might expect that when only slight traces of 
the paraffin oil were dissolved in the soil solution, this would have its 
marked effect on the surface tension of this liquid. However, we were 
unable to detect any change in the surface tension of the liquid after it 
had stood for a long time covered with the paraffin oil. So far, the 
results obtained have demonstrated the permissibility of the use of the 
method employed. 

In regard to the amount of the soil solution that can be extracted by 
the application of our method, I must say in advance that even slight 
modifications even of the apparent details of our process caused large 
variations in the amount of water obtained. 

If we record only the values obtained, by the use of those conditions 
which we knew to be most satisfactory, then we must record the amount 
of solution obtained as a percentage of the total water capacity. 

But, at present, there exists in few fields of soil physies such con- 
flicting interpretations as exist in regard to the meaning of the term 
“water capacity.” In the different text and laboratory books, we find 
the most diverse definitions and the most conflicting methods for the 
determination of this total water capacity. Because we suspected that 
this value would vary quite markedly with the application of the differ- 
ently devised methods, we undertook some experiments which proved 
that our supposition was correct. The total water capacities of the same 
soil as determined by the different methods varied over thirty per cent. 
From the soils containing the maximum water capacity we were able 
to extract over seventy per cent of the total water. As an example, | 
will cite in this connection the data of an average extraction. 

From eight kilograms of soil (clay) which contained 14.5% water 
(figured on the basis of dry soil) was obtained 330 ce. of soil solution. 
It is evident that such results can not be obtained by the use of a 
simple suction pump where the maximum difference of pressure is 
necessarily less than one atmosphere. 

However, we have secured larger differences in pressure by means of 
a hydraulic press. 

We now have the soil solution and will analyze it. There are two 
ways in which we may investigate such a solution which require a 
short explanation. 
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I. The chemical analysis. 
Il. The physiological analysis. 


A chemical analysis seeks through its results a determination of soil 
fertility. However, one can not claim that this method has been es- 
pecially successful. The only thing which we can say with surety about 
its results is that if a certain nutritive element is found to be absolutely 
not present in the soil, then it is lacking for the nutrition of the plant. 
The difficult problem concerning the relation between chemical analysis 
and availability still awaits solution. 

The physiological analysis draws its conclusions from the vegetation 
itself. In other words, it is an attempt to put direct observation in 
the place of theoretical deduction. Since no definite results from the 
analysis of the soil solution have been so far obtained, and since one 
must recognize that the latter has no scientific value as a determination 
of soil fertility, the author has applied not only chemical analysis to the 
solution but in connection with this also a physico-chemical analysis. 

We may suppose from analogy that the physico-chemical analysis of 
such a liquid may be of exceptional value. However, I must emphasize 
that in spite of all the various determinations I do not feel myself called 
upon to draw any definite conclusions from these analyses with refer- 
ence to the exceedingly complex question of soil fertility. So far as 
chemical analysis is concerned, we must keep before ourselves the all 
important fact, “corpora non agunt nisi soluta,’ in other words, that 
only which is present in the soil solution can be taken up as a nutritive 
substance, but not everything present need be taken up. 

There still remain a few things which I should like to say. I will 
state the facts that were revealed by the application of our method. 
Complete results will appear in a publication of the near future. 

This is not the place to discuss the details of the different analyses. 

(1) In many cases there was found in the soil solution a slime. 
This must be regarded as the first experimental proof of the presence of 
this substance in soil, and it is not impossible that much of the irregular 
behavior of the life in soil could be explained to some extent with a 
knowledge of this slime. If I may be permitted, I should like to call 
your attention to the possibility of this substance having an effect on 
desiccation, diffusion, and other processes. 

(2) The specific gravity of the soil solution which influences the 
movement of the soil water was found to be higher than that of water. 

(3) As to the viscosity of the soil solution which governs to a certain 
extent the rate of adjustment of soil water in the soil, we can say that 
it is relatively high. 

(4) The surface tension, a property of liquids which is associated 
with adsorption and has an influence on the degree of capillarity, was 
found to be distinctly low in the case of the soil solution. 

(5) In reference to the osmotic pressure of the soil solution, which 
on one hand is the indicator of the state of solubility, and has a bear- 
ing on the adjustment of the water in the soil, and on the other hand 
markedly influences the life in the soil, we can say that this pressure is 
low, a result which was to be expected from the comparatively high 
resistance of the liquid. 

(6) Another thing noticed is the acid and basic binding capacity. 
This was found by the electrotitrimetric method. In general we may 
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say that the neutrality was obtained by adding very small quantities 
of a hundredth normal alkali or acid. 

(7) In regard to the chemical analysis you will not be surprised 
to hear that all nutritive substances could be found in our soil solution 
to a certain degree. An astonishing fact, however, is the relatively 
large quantity of nitrates in some samples. With reference to the value 
of the chemical analysis of the soil solution, I refer to that which I 
have already said. 

Our work can by no means be looked upon as complete, but I dare 
say that the results are promising, and that I feel happy to be able to 
present to the reader the preliminary results which have been obtained 
by the application of the methods of Mr. Itano and myself. 
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Mr. C. W. Brown has continued his investigations on the keeping 
qualities of butter and has nearly ready for publication the data relative 
to another phase of this problem. It is expected that this immediate 
problem will be completed during the ensuing year during which time 
it is hoped that Mr. Brown will devote considerable time to problems 
concerning the nodule-forming bacteria. Plans are being made to furnish 
assistance for this work. 

Dr. IX. T. Hallman has assumed the duties that I was formerly con- 
cerned with. He has assisted the Live Stock Sanitary Commission in 
a manner that has gratified all parties concerned. He has also devoted 
considerable time to a study of some of the problems connected with 
hog cholera; but his most important work has had to do with*infectious 
abortion in cattle. Immunization experiments and the possibility of 
using the complement fixation and agglutination tests have formed the 
basis of the work. We feel hopeful that these researches will eventually 
be fruitful. In the meantime, we are adopting a policy of caution 
and watchfulness. Dr. Hallman submits the following notes which 
should be recorded here: 

My work with infectious abortion of cattle is a continuation of the 
work begun by Dr. Giltner. We are pursuing two lines of investigation : 
first, a study of the means at our command for the diagnosis of the dis- 
ease, and second, the search for some practical, effective method of con- 
trolling the disease. 

The first line of investigation is an exceedingly important one in our 
estimation. If abortion occurs in a herd the first question to arise is 
“Ts it infectious, and if so. to what extent is the infection present?” 

Considerable work has been done with the agglutination and comple- 
ment fixation tests in this disease and many investigators consider them, 
especially the latter, a very accurate method of determining the presence 
of infectious abortion in a herd. We believe that with these tests 
we can determine with a fair degree of accuracy whether infectious 
abortion is or is not present, but can we determine the extent of in- 
fection? What is the significance of a positive reaction? Does it mean 
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that the animal reacting is infected and even though she carries her calf 
full time and gives birth to a normal calf she is to be regarded as capable 
of infecting susceptible animals and should be guarded against with the 
same precautions as though she had aborted, or may it not be possible 
that a reaction may indicate acquired immunity and not necessarily in- 
fection? 

We are making a comparative study of these tests with the object of 
determining how long a cow may react after abortion. We are also 
making use of these tests to determine if possible the presence of in- 
feetious abortion in herds where the owner requests it. 

Our investigations in search of some practical, effective method of con- 
irolling the disease are along the line of vaccine treatment, consisting of 
the injection of dead cultures of the abortus bacillus into pregnant ani- 
mals and living cultures into non-pregnant animals, supplemented by 
local applications of cultures of Bact. bulgaricum in cases of abortion. 
We have about 100 animals in this experiment, a large per cent. of which 
have received injections of the living cultures. Many of these animals 
are virgin heifers in infected herds. We have been a little backward 
in taking the work up on a larger scale since we do not know what 
pathologic and possibly serious effects these injections may have on 
the animal. While it is known that cultures of the abortus bacillus do 
have a very marked pathologic effect on guinea pigs, no work as far as 
we know has been done to determine their effects on cattle. We are 
not vet ready to report on this work. 


AUTOPSIES AND EXAMINATION OF TISSUES. 


During the past year we have conducted 95 autopsies at this labora- 
tory, as follows: 


ETOGS "355 Nites sorte eee ano Saree ee yee nk eis re: 
ORE LiFe Se re eae ee eee ee een ee 12 
IGIOIGNE Ao. Ss Face baie ere tey Cn broke: td Peseta es 5 
SSNOG i) Air, crate cit he ane are id ees ae heen ete ecre cy heen em nance 2 
VERE = AI ie ahate rae eer tn Stet te tim We ake oe eee Se ates ee Tega 2 


Among these we have found: 


EPO O7 CHOOT Le) HEISE US Eat oto chewy ik net ote te 26 cases 
Acute fibrinous gastritis, hog .......:..5... 100" 
Diphtheritie enteritise None. woe cases ees 7 ea 
Plenro-paeumoniay hog. 2...) ees. Se a 
Broncho-pneamonia, hog 52006 ee. ie i 
Acute: vastro-enteritis; hog 2 3. TS yf 
Multiple abscesses of liver, hog ........... 1 
Central necrosis of liver; hog... .... 6... 2.5. avast 
Generalized peritonitis, hog ............... i ha 
Cystitis and rupture of bladder, hog ....... Loa 
Intestinal ‘tuberculosis, “cow? “22.50 6 0835.76 aaa 
Pulmonary tuberculosis, cow .ss2s. 00.5.4 1 
Caseous broncho-pneumonia, COW ......... Lad Be 
Chronic indurative pneumonia, cow ....... 1 


Generalized vesicular and interstitial emphy- 


sema with dilatation of right heart, cow.. 2 “ 
Upemarmsis: sheep 2. O0UN ISG ea sie th wed Lees 
Avian tuberculosis ......... POR e es ets A 
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A number of specimens of tissue from animals have been sent to the 
laboratory for bacteriological and pathological examination. In a large 
per cent. of these cases the tissue is badly decomposed or insufficient 
material is sent, so that a diagnosis cannot be made. Among the posi- 
tive cases recorded from the above material we find: 


Cpe PUGS GUN cys sere ah emhcars cis al sca seca ce Rela -o 8 2 cases 
(Hsophagostoma columbianum, sheep ....... y 
TE BIIEOMTVCONIS, | COW Ws Lia tenty wis ss Siok wha ctetere ac Te. 
PVETOVEOMALY COW su sere bis ede Mn ahdlei dupyedd oe edt ae ovals | a 
Cellular infiltration of arteries, brain of horse 1 ‘* 


(A condition said to occur in forage poisoning). 


FOP PEGHOLED he cache oy WRG. 12 atts o atkd Ohba eas eG 
Sarcoma o0 testicle, chicken®.\;.!o 1. 6st onk ah 
eS CMOSIS S TIMINITAM gaia. arava shores a therstavs Sebi Bates 


Among the animal diseases investigated for the Live Stock Sani- 
tary Commission, we record the following interesting cases: 


SCOURS OF THE NEW-BORN. 


On Oct. 22, 1912, I was called to the farm of Dr. P————— near 
Jackson to investigate a disease of calves. Since May 17 calves have 
been born, 11 of which have died within 38 to 4 days of birth with 
diarrhoea associated with fever and great weakness. The cows are 
well cared for, are kept in a well lighted, sanitary and comfortable barn 
of cement construction, in the south end of which are 2 large maternity 
stalls of cement and steel construction. One of these is used exclusively 
for calving. I am told that after each case of parturition this stall is 
thoroughly cleaned, disinfected and that each succeeding case is sup- 
plied with fresh, clean bedding. The umbilicus of each calf is washed 
with a weak iodine solution soon after birth. 

At the time of this visit I found one sick calf, age, 9 days. Had 
had diarrhoea 3 days, fecal discharges of steel-gray color, eyes bright 
and appetite good. There was one dead calf, age, 3 days. Had been 
sick 114 days. Post-mortem lesions on this calf were: Lungs, liver 
and kidney congested; capillaries of pericardium and mesentery highly 
injected. Alimentary canal contains very little material, of a yellowish- 
white color and watery consistency. Mucous membranes congested, um- 
bilical vessels not engorged. Carpal articular sacs contain a small 
amount of blood-tinged synovia. The tarsal articular sacs contain a 
somewhat larger quantity of blood-tinged exudate but an inflammatory 
condition of the articular surfaces is not pronounced. 

On Noy. 3, I again visited this farm to autopsy calf referred to above. 
The calf had been dead only 3 or 4 hours when I reached the farm. 
Post-mortem lesions were: Calf considerably emaciated, hyperemia of 
heart and pericardium, and a small hemorrhagic area about 1 ecm. in 
diameter under endocardium of bicuspid valve; liver and kidneys highly 
congested, bowels constipated, mucosa of fourth stomach, small and 
large intestines highly injected; mesenteric lymph glands injected, um- 
bilical vessels apparently normal. On both tarsal articulations there 
is an inflammatory area about 2 to 2% em. in diameter. Synovial sacs 
contain blood-streaked effusion in which is found small flakes, pre- 
sumably fibrin. The peri-articular membranes are edematous. From 
the tarsal articulations of both of these cases, a small non-motile, polar- 
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staining organism was obtained in pure cultures and presented the 
following characteristics : 


Morphological— 

Non-motile rod, round ends. 

Size, 1.5 to 3.5 microns by .2 to .5 microns, stained with weak 
solution of fuchsin. 

Gram positive. Stains readily with all aniline dyes. 

Cultural— 

Agar streak: growth abundant, flat, glistening, translucent. 

Agar colony: small, round, slightly raised with smooth border, 
grayish white, translucent. 

Gelatin stab: growth best at top, filiform, no liquefaction. 

Litmus milk: unchanged. 

Plain milk: unchanged. 

Nutrient broth: growth uniform throughout. Sediment viscid on 
agitation, abundant. 

Dextrose bouillon: no gas, acid produced. 

Saccharose bouillon: no gas, acid produced. 

Lactose bouillon: no gas, no change. 

Thermal death point 55°C. 10 minutes. 

Non-pathogenic for rats, guinea pigs and rabbits. Effects on calves 
not determined. 


LUNG WORMS IN CALVES. 


On Oct. 27, 1912, I visited the farm of Mr. H. H. —————-————,, 
West Branch to investigate a disease of calves. On this farm I found 
17 mature cows, 8 yearlings and 5 calves 5 to 8 months old. Five of 
the latter were in poor condition, bowels loose, slight cough and rough 
coat. These calves were running on cloyer and June grass pasture. 
Were fed skim milk out of dirty wooden trough and were not housed at 
night. In pasture were several low, wet, marshy places which are con- 
ducive to the propagation of certain animal parasites. Since July, 
1912, the owner has lost 8 calves 4 to 8 months of age. The most ser- 
iously affected calf at the time of my visit was a heifer 5 months old, 
considerably emaciated, roughened coat, temp. 104.9, resp. 130 and breath- 
ing with much difficulty and through mouth. Whitish discharge from 
nostrils. Weak, rapid pulse and injected conjunctiva. This calf had 
been visibly affected about two weeks; had been given three doses of 
oil and turpentine in last two weeks and was gradually getting worse. 
In pasture was calf dead 2 days before. Weather was cool and calf 
fairly well preserved. The only significant pathologic findings were 
emaciation and a broncho-pneumonia due to the presence of countless 
numbers of lung worms (Strongylus micrurus) in the trachea and bron- 
chial tubes. In the trachea was a roll of them about as large as the 
index finger and about three inches long. Bronchial and mediastinal 
lymph glands were enlarged and edematous. 

The treatment suggested was removal of calves from infested pasture, 
better care and medicinal treatment consisting of intratracheal in- 
jections of gasoline. It was suggested that he arrange to place next 
generation of calves on high dry pasture which had not been used for 
cattle the previous year, and since some of the older cows are probably 
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infested with this parasite, that all calves be kept away from older 
cattle until 8 or 10 months old. 


HEMONCHUS CONTORTUS IN LAMBS ASSOCIATED WITIT SYMPTOMS OF CENURUS 
CEREBRALIS.,. 


On Jan. 6, 1913, I accompanied Dr. F——-———— to farm of Mr. 
W. GB. G. near Holly to determine if possible cause of serious loss of 
lambs. On this farm were about 350 western lambs, housed in 2 separate 
feed lots. These lambs were bought at the Chicago yards and brought to 
this farm about Noy. Ist. They were being fed corn silage, hay, and a 
small quantity of barley (about 14 Ib. daily per lamb) which ‘was 
Slightly musty. They were watered from a well about 20 rods from 
barn which was well protected from drainage. About Noy. 21 some 
of them began to scour but apparently recovered in a few days. On 
Jan. 4th lambs began to die with the following symptoms: slobbering 
at mouth, champing jaws s, holding head to one side and when forced 
to move, moved slowly in a circle. There was looseness of bowels. They 
were sick from a few hours to two or three days before dying. I found 
several lambs with symptoms as noted above and supposed that some 
might be infected with Cenurus cerebralis. In three lambs autopsied, 
the Cenurus cerebralis was not found but the Hemonchus contortus 
was found in each case, not in large numbers, however, probably due 
to owner having administered sev eral doses of oil and turpentine. This 
farmer has been feeding lambs for several years. Last year lambs 
were kept in these feed lots until May 10th when they were sent to 
market. These lots were not cleaned out during the summer and Nov. 
Ist the lambs were placed on these dirty lots which were probably 
infested from sheep fed the past winter. In about three weeks (suffi- 
cient time for young parasites taken into the stomach to reach ma- 
turity) some of them began to scour but, evidently due to a small num- 
ber of parasites, none died. On Jan. 4th, these lambs began to die. 
This was sufficient time (6 weeks) for eggs which were passed from 
first mature parasites to have reached that stage of development (2-3 
weeks) which necessarily takes place in manure, water or moist soil 
before the young parasites can live if taken into stomach of sheep and 
sufficient time (8 weeks) for these to reach maturity after being taken 
up by sheep. The remedy suggested was to clean out feed lots and 
haul manure to field. Cover feed lots with quick lime and supply clean 
bedding. Fast lambs 24 hours, then give each lamb 2 drams gasoline in 
2 ounces of milk to be followed next day by dose of oil. Repeat if 
necessary. 


HEMONCHUS CONTORTUS IN CALF COMPLICATED WITH GENERALIZED 
VESICULAR EMPHYSEMA. 


On June 18, 1913, I accompanied Dr. S—————— of Clarksville to 
the ta of Mr. H—————— to _ investigate disease of calves. There 


were 5 calves on this farm from 5 to 8 months old. These were running 
on a esti through which a small stream ran, on each side of which 
was more or -less low, wet, marshy ground, shaded by numerous trees 
and some underbrush. This pasture has been used for cattle for years 

There have been no sheep on this farm for many years but the owner 
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told me that during the lifetime of his father they had at several different 
times tried to raise sheep but they would all die in the course of a few 
years. I found three calves visibly diseased. The most serious one 
presented the following symptoms: Calf somewhat emaciated, temp. 
normal, resp. highly accelerated and through mouth; calf stood with 
head slightly extended downward and forward; had severe dry cough, 
visible mucosae somewhat anemic and bowels loose. I suspected lung 
worm infestation but on autopsy of this calf to my great surprise not 
a lung worm was found, but one of the most extensive cases of gen- 
eralized vesicular emphysema I have seen, and a large number of 
stomach worms in the abomasum. An interesting question arises in 
connection with this case: Has the emphysematous condition of the 
lungs any relation to the parasitic infestation? Probably the most 
common causes of emphysema are increased difficulty of expiration 
(as would occur in chronic bronchitis) and diminished elasticity of the 
alveolar wall. However, in human pathology many cases of emphysema 
seem to follow cases of malnutrition. 


WORK FOR THE LIVE STOCK SANITARY COMMISSION. 


Oct. 26—Found calves dying of verminous broncho-pneumonia 
(Strongylus micrurus) at West Branch. 

Oct. 51.—Found hog cholera on farm of Mr. I - S 
near Bancroft. 

Nov. 1.—Investigated reported case of suspected glanders at Harris- 
ville. Serum tests negative. 

Noy. 3.—Investigated case of white scours of calves on farm near 
Jackson. 

Noy. 8—Found hog cholera at Litchfield. 

Noy. 9.—Investigated reported case of suspected glanders near Len- 
non. Found animal dead and had been buried four days. 

Dec. 2.—Investigated a disease of pigs on farm of Mr. H—————— 
near Clinton. Held three autopsies and found each had died with an 
acute fibrinous gastro-enteritis. Could, not ascertain cause. 

Dec. 5.—Attended meeting of West Michigan Holstein Breeders’ As- 
sociation at Grand Rapids to give talk on the tuberculin test. 

Dec. 20.—Investigated disease of horses near St. Johns. Diagnosis 
not made but later diagnosed as influenza. Source of infection prob- 
ably from band of horse traders that had camped near pasture of 
this farm. 

Jan. 6.—Investigated disease of lambs on farm near Grand Blanc. 
Owner had lost 35 or 40 within a few days out of a flock of 350. Sey- 
eral sick at time of visit, some of which presented symptoms of “gid.” 
Autopsies on three animals failed to demonstrate the causative agent 
of “gid?” (Cenurus cerebralis) but the twisted wire worm (Hemonchus 
contortus) was found in the abomasum of each lamb autopsied. 

Jan. 10.—Found hog cholera on farm near DeWitt. Another farm 
about one mile distant, the owner of which I saw, had a history of 
cholera. 

Jan. 21.—Investigated a disease of horses reported by the supervisor 
of Monroe township, Newaygo county. One farmer had lost four 
horses, all that were kept on the farm, within 6 or 7 weeks’ time. A 
farmer on an adjoining farm had lost one head, one other that had 
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been affected had fully recovered at the time of visit. Diagnosis not 
made. 

Jan. 50.—Visited farm near Sunfield to investigate a reported case 
of forage poisoning. Farmer owning three horses had lost two, 
the third one was sick. Temp. 98, pulse 60 per min., weak, but regulay. 
conjunctiva and mucosa of nasal passage injected. Very slight sero- 
purulent nasal discharge. Bowels constipated. The horse was down 
and showed no pain, was in a slight comatose condition but at times 
would manifest some restlessness. The owner informed me that each 
horse had shown some difficulty in swallowing at the first of the attack. 
These horses had been fed on silage, corn fodder and corn. The silage 
was of very poor quality. The corn was over-ripe and no water was 
used in packing into silo, resulting in a great deal of it spoiling. This 
silage was also fed to some cattle kept on the farm. <A heifer about 
18 months old began to show some weakness in the hind limbs and a 
dullness of expression. A dose of salts was administered and the silage 
withheld, resulting in recovery. 

Feb. 5.—I again visited above mentioned farm near Sunfield to hold 
an autopsy on horse mentioned above. Lesions: Few hemorrhagic 
areas in mucosa of fundus of stomach varying in size from 1 to 2 cm. 
Liver of normal consisteney but bile stained. A few! localized engorged 
areas in spleen, maxillary sinuses contain about one-half pint each of 
sero-purulent effusion. Mucosa of sinuses injected and in places there 
are grayish deposits of coagulated exudate. Mucosa of trachea and 
bronchi injected. No effusion into cranial cavity nor into ventricles of 
brain. Meninges and brain apparently normal. 

Feb. 11.—Investigated reported case of tuberculosis among cattle on 
farm of F. C. M——————-, Hale. On-this farm I found about 25 head 
of calves and yearlings but no adult cattle, which had been purchased 
from various farms the previous fall. Prior to my visit, he had lost 
3 calves, 4 to 8 months old. A local veterinarian, according to the 
owner, had pronounced the trouble tuberculosis. I had no reason to 
suspect tuberculosis of an exceptionally acute type among these young 
cattle, but found two or three which appeared to be affected with a 
slight bronchial trouble. 

When these calves were purchased they were turned into a large 
pasture which borders on a lake about one mile wide. The only pro- 
tection from the cold night winds was an old open house near the lake. 
I had reason to suspect that some of these calves might be infested 
with the lung worm (Strongylus micrurus). One calf was coughing 
quite badly, breathing with some difficulty and somewhat emaciated. 
This calf was given an intra-tracheal injection of gasoline and a few 
weeks later the owner wrote me that the calf had stopped coughing and 
was getting along nicely. 

Mar. 8.—Investigated a reported outbreak of anthrax among cattle 


on the farm of I. C. M—————-—,, Forest Hill. Symptoms and. post- 
mortem lesions typical of forage poisoning. 
Mar. 12.—Visited farm of Mr. A. H. ——————_,, Shelby to give vac- 


cine treatment for infectious abortion in cattle. 
Mar. 21.—Found strangles in livery barn of Mr. N. N. ——-———_, 
Cadillae. 
21 
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Apr. 1.—Investigated case of rabies in cattle on farm of Mr. Chas. 
1) _—_———, Romulus. 

Apr. 12.—Investigated reported case of glanders on farm of Mr. Fred 
I;—— , White Cloud. Found animal not affected with glanders 
but condition probably due to bad teeth. 

Apr. 16.—Found hog cholera on farm of Kalamazoo State Hospital. 

Apr. 23.—Investigated reported case of rabies of cow on farm of Mr. 
DO. HE , Cassopolis. Found that cow had been buried two 
days but the brain had been sent to Ann Arbor for examination. 

May 7.—Visited farm of J. C. P——— Jackson to give yaccine 
treatment for infectious abortion. 

May 18.—Accompanied Hon. H. H. Halladay to Shelby to inspect 
carcass of cow that had reacted to the tuberculin test. 

May 15.—Investigated case of suspected dourine in a stallion at 
Chelsea. Serum tests, negative. 

May 16.—Visited farm of J. C. P————-—_,, Jackson to give vaccine 
treatment for infectious abortion. 

May 19.—Found so-called cerebro spinal meningitis (forage poisoning) 
of horses on farm of Mr. J. W. J—-——, Flowerfield. Out of 13 horses 
on farm, owner had lost 5 in the past two weeks and 2 were slightly 
affected at this time. About two weeks previous to this, the owner 
began feeding hay that had grown on very low ground. The hay was 
apparently good. He was feeding corn on the cob, some of which was 
very slightly damaged. I suggested to him to get other hay and shell 
the corn and float off the decaved and moldy grains on water, also 
that each animal affected should have a purgative. About one month 
later I heard, indirectly, that he had had no more trouble. 

It is interesting to note that in both cases of this trouble investigated 
by the writer (see case referred to under date of Jan. 30) the symptoms 
and lesions observed correspond very closely to those observed in the 
so-called Kansas Disease. Evidently the cause in each of these cases 
was the feed. 

May 30.—Investigated disease of cattle on farm of Mr. H ; 
Mt. Pleasant. Owner had lost 3 out of a herd of 21. Symptoms and 
lesions of cattle described by local veterinarian led us to suspect 
hemorrhagic septicemia. At the time of my visit there were no affected 
animals in the herd, consequently a diagnosis was not made. 

June 5.—Investigated disease of calves on farm of Mr. M ; 
Laingsburg. Symptoms and nature of pasture suggested stomach worm 
but diagnosis was not confirmed as there was no animal available for 
autopsy. 

June 6.—Visited Pontiac State Hospital to confer with Steward con- 
cerning infectious abortion of cattle. 

June 12.—Visited farm of Mr. P——————, near Leslie to administer 
serum simultaneous treatment for cholera to a herd of 40 hogs. 

June 13.—Visited farm of J. ©. P——— , Jackson ‘to give vaccine 
treatment for infectious abortion. 

June 18.—Found stomach worms (Hemonehus contortus) in calves 
near Clarksville. 

June 19.—Visited farm of Mr. S——————., Rose Center to investi- 
gate a disease of hogs. Had lost 5 weighing 125-150 pounds out of a 
herd of 21. None sick at time of visit. Diagnosis not made. 
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June 19.—Visited farm of Mr. Wm. W— , Imlay City to in- 
vestigate a disease of horses. This farm was visited by Dr. Giltner in 
April, 1910, to investigate this same disease. A report of his investi- 
gation is contained in the 1910 report of the State Board of Agricul- 
ture. The evidence at hand points to the water as the most probable 
cause of the trouble, since a change of water will give relief. Strange 
to say, water from the same well is used by the family without injurious 
effects. Evidently the water contains an excess of some salt or salts, 
the effects of which are more pronounced on the horse than on man. We 
are now having made a complete chemical and biological analysis of the 
water with the hope of throwing more light on the situation.: 

Mr. W. 8S. Robbins has continued in charge of the serum production 
work and- has kept us supplied with a serum of high potency. He 
has demonstrated the great value of intraperitoneal salt solution in- 
jections aS a means of greatly increasing the amount of virulent ma- 
terial for hyperimmunization. Mr. Robbins is now making a compara- 
tive study of virulent blood and virulent salt solution with a view to- 
ward a better understanding of the nature of the latter. 

Miss Northrup has started experiments designed to corroborate the 
results of former experiments to elucidate the uncertain points con- 
nected with her investigations with lactic bacteria and a chromogenic 
acid-destroying yeast. The progress of this work was interrupted by 
the presentation of a problem that seemed to demand immediate atten- 
tion. I refer to the possibilities of controlling the ravages of the June 
beetle larvae by means of a bacterial disease. Miss Northrup appears 
to have isolated the causal microérganism of this disease and the report 
of her findings has already been-submitted to you for publication. We 
have already received requests from Porto Rico for a culture of this 
organism to be used in an effort to control this pest. 

Mr. Himmelberger has assisted Dr. Hallman in the investigations 
relative to infectious abortion and has continued the work on avian 
tuberculosis which I inaugurated sometime since. Avian tuberculosis 
has been produced in the calf in two instances and it has been demon- 
strated that the presence of this disease causes a response to the in- 
jection of avian tuberculin with the possibility of no response to the 
injection of tuberculin usually employed in the diagnosis of bovine 
tuberculosis. An attempt has also been made to utilize the principle of 
the agglutination test in the diagnosis of tuberculosis in the domesticated 
fowl. This work promises well. It would be of great value in high- 
priced stock. We are quite alive to the fact that poultry diseases in 
Michigan must be studied for economic reasons. 

The commercial work, as for some time past, has been immediately 
‘in charge of Miss Rademacher. The importance of this work to the 
agricultural interests of the state is beginning to be felt. A comparison 
‘of the reports for the recent successive years shows the growth of these 
activities. Miss Rademacher’s continued connection with this work 
ensures satisfaction. 
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Sr MCMST Tsar Co NTR gona Sy wh acs Sle coal ates laites ols fae adn huge. pylae 1,000 ee. 
AUN etree ae Reece NRE etn rrnn erty a cy catale re ata’e wieiak olfty ne tesce a 506,444 ec. 
TUBERCULIN TEST. 
Number of cattle tested for tuberculosis ................. 2,319 
Snes Oie alle TOAClCO a. tacaks «seein ena ee cia newse cee 9.2% 
eNO TI CaAUtle SUSPICIOUS. 22. es gale k Sela cigs dels cons ee 6% 
Number of doses of tuberculin used during year........... 3,025 
Number of doses of tuberculin still on hand ............... 120 
mumper of /doses' NOt reported “UPOM fey. 6s kc ee 160 
GLANDERS TENT. 

Bumber:ofsnorses} tested for glanders: obese aes awe 26 
PINT ATs Ci NOSES WOACTCE— 35 |. 2ordctei sis Rei oe Ud sco. o ah shaleiselee-wia ots 0) 
NUMBER OF LEGUME CULTURES SENT OUT DURING YEAR. 

July Ist, 1912—July 1st, 1913. 

ROMRE SEAM SMALE LIN S Ecaicre theta in eto tete Se Pen hye beetle ae isa 4 5,989 
DET. QUIGR TC" ERs See oe ena aC A ee ee i RAR ora 432 
EME MO LOCI peeeket re ce nes ais wis ra giv ca wrelaars clsteece oecere bales 59 
SOLO VER Site eth reels AI Wines hee eteiakte Sethe eee be @ Sd 6 
MAES Btn Pours aie here esl cle nM Win Ricadsera (ork ciaitee onal Alodea tow he 127 
SGM cl one eae ie ana PIN Ey INS Fo at ore sles 2/4, Sele laye raters 133 
oy P77 TENSORS cea i hk ode A cae or ear Sea SNE LP Pa aL 101 
NPS net net ae BaP Fae ote ae rata a Ia os. of scanty Se ade 148 
So TUREIE TEPER. «le A ead aE Na agi SOc aie tet Rn AP i ae a Er oa 4 
GET See = Uh A Loc tet ke ak a ar aera Si Rn a a eT 182 

SPAT Merete on che Stale ae tie) See aerate Ces Sat aie eatee’s sae 7,181 
Last Season This Season. 
(Full year) (Half year) 
Jan. 1, 1912—Jan. 1, 1913. Jan. 1, 19183—July 1, 1918. 
co LESTE RR a rer ais 4531 4101 
BPE OUO VER) oe. 4 5 ie oper. 255 Ss 167 346 
EMILE COVED | (is: 55%) -)s hs 3 40 
Pehe HOLOVET. 5.12 ais <n sys 3 6 5 
TMs BSE perce OE ernie 74 126 
DP Ee ee ea 89 125 
SCE] Bo 1 4 
Sn Sa ee ee eee 10 151 
BOeSGAN, i. sce hie ee cee 136 100 
“UDKCE a A ene a 186 70 
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OTHER CULTURES, 


No. of Alcohol-acetic cultures sent out ................... 14 
No ‘OL Lactic. No, .CE Caltgres Bent O0C>:s so abe? cle See 7 
No. of Bact. bulgaricum cultures sent out ................ 78 


We have continued the work with the regular agricultural and short- 
course students along the line of detailed instruction in tuberculosis 
(especially bovine) and the tuberculin test. It seems advisable that 
this work be continued cautiously until we become convinced that the 
plan is either safe or faulty. From the report of the Bacteriologist for 
1910, the following quotation indicates the laboratory’s policy: “Such 
young men are advised to exercise this privilege of testing only in 
their own community, because it is not hoped to prepare men to devote 
their entire time to testing, but rather to prepare young men who can 
test their own stock and help their neighbors out when requested.” 
After considerable correspondence with the officials of the federal 
Bureau of Animal Industry who have kindly furnished us with tuber- 
culin, we find that in a letter dated June 17th, 1918, we are advised by 
the Chief of the Bureau, “that it has at no time been the understand- 
ing of this Bureau that Bureau tuberculin furnished to the Michigan 
Agricultural College was to be distributed to cattle owners for applying 
the test to their own herds of cattle.’ It appears, therefore, that we 
are confronted with the necessity of manufacturing our own tuberculin, 
a burden that would have fallen to our lot sooner or later in any event. 
We are submitting a manuscript for publication in this connection on 
“The tuberculin tests for tuberculosis in cattle.’ This has been pre- 
pared by Dr. Hallman. 

Our official connection with the State Live Stock Sanitary ee. 
mission is just terminating on account of the appointment of another a 
State Veterinarian. 

During the past year, the field work and laboratory examinations for 
the Commission haye been done largely by Dr. Hallman. The connec- 
tion of this laboratory with the operations of the Sanitary Commission 
has been extended over a great many years, but in recent years the rela- 
tions have been so intimate and cordial with such evident mutual benefit 
that it is expected that they will continue. Our activities along the 
line of hog cholera serum production, tuberculin testing and research 
into other infectious diseases make this unavoidable. 

In conelusion, it is a pleasure to take this opportunity to acknowledge 
my indebtedness to my collaborators whose work is mentioned herein and 
to commend them all for, loyalty and efficient service. To you also I 
am indebted for your many acts of courtesy and for your constant sup- 
port and advice during the past year. 

Respectfully, 
WARD GILTNER, 
Acting Professor of Bacteriology. 
Fast Lansing, Mich., June 30, 1918. 
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REPORT OF THE CHEMIST. 


Director R. S. Shaw, College. 
Dear Sir—I herewith submit the following report of the Chemical 
division for the year ending June 80th, 19138. 


CHANGES IN STAFF. 


Mr. Arao Itano, assistant chemist, resigned early in the fall to accept 
a position with the Division of B acteriology. This vacancy was not 
filled until June, 1918, when Mr. Arthur K. Hart, a graduate of the 
University of Michigan, was engaged. During the year Mr O. F. Jensen 
au member of the class of 1914, thas rendered valuable assistance. 


FERTILIZER INSPECTION. 


During the season of 1912, 526 samples of commercial fertilizer were 
collected by inspectors sent out from this office. Of this number 298 
samples were analyzed. The results of the inspection emphasize the fact 
that the manufacturers are very satisfactorily fulfilling the requirements 
‘of the law as far as the quantity of plant-food is concerned. In addi- 
tion to the regular fertilizer analyses we also made a study of the 
quality of the nitrogen contained in the fertilizers and the results show 
that the nitrogen furnished in many of the commercial fertilizers sold in 
the state is of distinctly low grade. 

This work will be repeated on the fertilizers collected this year after 
which it is planned to make the study of the quality of the nitrogen 
furnished in the fertilizers a regular part of the inspection. 

During the last session of the Legislature a slight change was made 
in the fertilizer law but its operation will not be affected. 


MISCELLANEOUS WORK. 


One hundred and sixty-one samples were analyzed during the year 
for residents of the state and it is of interest to note that of this num- 
ber there were 77 samples of marl, limestone and lime products. Many 
more samples of marl were received and reported upon without being 
analyzed. A Jarge number of soil samples have been received throughout 
the year, the largest number in any one day being 19. All of these 

samples have been tested for acidity and reports made to the senders. 

The time of one chemist has been almost completely occupied during 
the year with the samples sent to the laboratory. 

Some time has also been given to co-operating on methods of analysis 
for the Association of Official Agricultural Chemists. The writer was 
appointed last fall as referee for the association on the determination 
of phosphoric acid in Basic Slag. 

For the Horticultural division, complete analyses were made of the 
fruit, leaves and new wood of 2 varieties of gooseberries, and 3 varieties 
of currants, in order to determine the amount of plant-food removed from 
the soil by each variety during the season. This alone necessitated the 
making of more than 200 separate determinations. 
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A new and simple method for determining the neutrality of Ammonium 
Citrate solutions was worked out and reported at the meeting of the 
American Chemical Society held in Milwaukee March 25-28th. 


HATCH FUND. 


A study of “Soil Acidity” has been made during the year and we 
were fortunate in securing Dr. J. . Harris, an instructor in the Chemi- 
cal department at the University of Michigan, to work upon the prob- 
lem during the summer and winter vacations. The importance of this 
problem is better appreciated when we realize that probably 50% of 
the soils in the lower peninsula are acid, and many cases of infertility 
are due to this cause alone. The nature of the soil acids is but little 
understood although it has been one of the problems facing the agri- 
cultural chemist for many years. The importance of the problem should 
justify a much more exhaustive study of it and in view of the results 
already obtained by Dr. Harris, in the limited time he has been work- 
ing on the subject, I respectfully recommend that he be engaged as a 
regular research assistant in the division to continue the work. 

A study of the influence of osmosis upon the movement of water in 
soils has been made by Mr. Robinson and the results obtained justify 
a continuance of the work, and I recommend that it be made an Adams 
project. 


ADAMS FUND. 


But little progress has been made on the Adams project 2b owing to 
lack of assistants. The outline for an extensive study of the subject has 
been made and will be undertaken as soon as possible. 

Considerable progress has been made on project 2ba, which will be re- 
ported in a technical bulletin soon to be prepared. The manuscript for 
a popular bulletin embodying some of the results of this investigation 
has been prepared and will be presented for publication in the near 
future. In connection with this investigation some co-operative experi- 
ments are being planned to demonstrate the value of muck and peat 
as a substitute for manure for use on the lighter soils of the state. 
This is a very pertinent investigation since the cost of getting manure 
in some parts of the state makes its use almost prohibitive. If it can 
be demonstrated that muck or peat, found abundantly in all parts of 
the state, can be substituted for manure one of the greatest problems 
of the farmer will be solved. 

In conclusion I wish to record my appreciation of the faithful and 
diligent work of my associates, to whom credit is due for much that 
the division has accomplished during the year. 

Very respectfully, 
ANDREW J. PATTEN, 
Chemist. 
Fast Lansing, Mich., June 30, 1915. 
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REPORT OF THE DIVISION OF FARM CROPS. 


Director R. 8S. Shaw, College. 
Dear Sir—I wish to submit the following report of the Division of 
Farm Crops for the year ending June 30th, 19138. 


CROP IMPROVEMENT. 


The most important line of investigation carried on by the division 
is that of Crop Improvement, which has been under the able 
direction of Mr. F. A. Spragg who reports upon this work as follows: 

“The wheat crosses made last year have come through the winter in 
good shape and are in head. There are twenty-four of these crosses, 
representing combinations of our better varieties that have given good 
quality and yield and endured the winters of 1911 and 1912. 

Besides crosses in wheat the Station has over a hundred plats rep- 
resenting crosses in barley and oats. 

The winter barleys have a better stand and general vigor than the 
wheats growing along side. In another year we will have a chance 
to increase these to a point where they can be sent out to farmers. 

The pedigreed ryes have much larger, better filled heads than the 
common sorts. When we come to think of it, it is surprising how many 
poorly filled ryes there are in the country. If all the rye flowers fer- 
tilize and produce grains there should be four rows of grains on a 
head. Most commercial ryes have very small heads and besides this, 
very little more than two rows of grain on a head. The average yie d 
for rye in the United States is 15 bushels per acre. The Station’s pedi- 
ereed ryes yielded about 45 bushels per acre in 1912. 

In 1913 there are 20 spring barley plats, 5 winter barley plats, about 
170 oats plats, 6 rye plats, 4 spelt plats, and over 200 wheat plats. 

A new 4000 plant alfalfa nursery has just been set out. The mothers 
of these plants have stood two ice sheets, produced a good amount of 
hay, and also seed in 1918. This nursery should represent the cream 
of all the 160 lots of alfalfa that have been tested and selected at the 
Station. 

The timothy plats have been very interesting this year. Highty-four 
strains were selected out of over 2000 last fall. These selected lots are 
erowing in rows, in comparison with commercial timothy. 

Seventy-two varieties of peas are being tested in rows, making with 
the checks 90 plats. These were imported by the U. 8S. Dept. from 
various parts of the world. They are an interesting set of plats now. 

In corn besides the ear-row) test, a large number of crosses are being 
made to test relative value of first-generation crosses as compared with 
the original sorts.” 

The experiment in testing varieties of corn has been continued in much 
the same way as in previous years. Through this experiment and the 
co-operative tests carried on throughout the state several varieties have 
been discovered which give promise of being much more productive, and 
much better adapted to Michigan conditions than the mongrel] and un- 
selected varieties commonly grown. In several instances co-operators 
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are planting their general crop to improved varieties which made a 
good showing in earlier tests. The department is getting into a much 
better position to make recommendations as to choice of varieties for 
different sections and different types of soil. In some sections, however, 
the information on this point is still limited and there is a ‘dearth of 
seed corn of se ed and adapted varieties. 


ROTATION AND FERTILIZER EXPERIMENT, 


The rotation and fertilizer experiment which was started in field 9 
in 1911 has been continued as originally planned. While the differences 
between the different plots has not in all cases been great, they have 
been sufficient in many cases to indicate strongly the value of the ex- 
periment. After the courses have been repeated several times, some valu- 
able object lessons should be had as to the use of manure and fertilizers 
and the effect of the different crops upon each other. 

There are perhaps more variable factors in crop production than in 
any other phase of agricultural work. Because of this fact and the 
local nature of many of these problems it has not been thought best to 
inaugurate at the Station extensive experiments in many lines of crop 
production work. It is important, however, that these problems be 
studied in different sections of the state by competent field men and 
bulletins prepared which shall discuss various farm practices, methods 
of culture, varieties, seed selection and other practical subjects. It is 
hoped that provision may soon be made for taking up this work more 
extensively than has been possible in the past. 

Respectfully submitted, 
V. M. SHOESMITH, 
Farm Crops Experimentalist. 
East Lansing, Mich., June 30, 1913. 


REPORT OF THE SOIL PHYSICIST. 


Director R. S. Shaw, East Lansing, Michigan. 

Dear Sir—During the year just closed no material changes have oc- 
curred in the operation of the Soils department. Dr. Bouyoucos has 
carried forward his work in the investigation of the temperature of 
soils. The results obtained will be embodied in’ Technical Bulletin 
No. 17 now on the press. JI am convinced that the results reported in 
this bulletin will prove of both interest and value to the student of 
soils. 

As the work of investigation has progressed other questions have 
arisen which will call for further investigation along these lines. Dr. 
Bouvoucos left the college about the middle of June to spend a year in 
advanced study in this country and abroad. On his return he will take 
up and continue the work which he has thus temporarily dropped. Mat- 
ters have been arranged, however, so that during his absence observa- 
tions may be made and records kept of temperature variations under 
various field and artificial conditions preparatory to the continuation of 
the investigation work on his return. 
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During Dr. Bouyoucos’ absence his place will be temporarily filled 
by Mr. P. E. Karraker. Mr. Karraker will have general direction of 
the observations above referred to, but will devote the major part of his 
time to a new line of soil investigation. This will be a study of some 
of the factors involved in capillary movements of soil water. 

Mr. Spurway’s time has been so fully employed with teaching and ex- 
tension work that he has been able to do little in the way of investi- 
gation. From time to time in his instructional work questions have 
been suggested which have called for some work along this line, and 
have perhaps bared clues which may lead later to interesting conclusions. 

For some years past this department has felt the need of greenhouse 
facilities for carrying on certain of its soil investigation work. The 
need for such facilities is increasing. It is to be sincerely hoped that 
some provision can be made in the very near future by which this de- 
partment may be equipped, even though in a limited way, with such 
facilities. 

In submitting this, my last report, I desire to express my sincere 
appreciation of the uniform consideration and kindness received at your 
hands during the years of our association. 

Very respectfully, 
JOS. A. JEFFERY, 
Soil Physicist. 
Hast Lansing, Mich., June 30, 1915. 


REPORT OF THE BOTANIST. 


Director R. S. Shaw. 

Dear Sir—I herewith submit the report of the work of the Botanical 
division for the year ending June 30, 1913. 

The staff has been the same as at the close of the preceding year, 
viz: Dr. R. P. Hibbard, Research Assistant in Plant Physiology and 
Professor G. H. Coons, Research Assistant in Plant Pathology. 

Professor Coons was absent on leave to study at the University of 
Michigan a portion of the spring but returned to work about the middle 
of June. 

The work that has been undertaken and accomplished by Professor 
Coons and Dr. Hibbard is reported on more in detail in special reports 
from these two which are herewith appended and made a part of my 
report, together with an article by Professor Coons on the use of the 
pneumatic chisel for pruning purposes which I would recommend 
be printed with the report. 

Considerable apparatus along the line of plant physiology has been 
added so that the equipment along that line is very excellent. 

Respectfully submitted, 
ERNST A. BESSEY, 
Botanist. 
East Lansing, Mich., June 30, 1913. 


Prof. Ernst A. Bessey. 
Dear Sir—At your request I submit a report of the work done during 
the past fiscal vear. My work, aside from the work done in the col- 
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lege, falls under two heads; that done on the Adams project and work 
done in accordance with the Hatch fund. 

Work Under Adams Fund.—A formal statement of the Adams pro- 
ject is: A study of the limb and twig diseases of two fruit trees. A 
serious canker of apple has occupied my attention. This disease was 
found in several places in the northern part of the lower peninsula and 
during last July, field studies were made on its prevalence, the amount 
of damage and varieties affected. Control measures were tried in two 
co-operative experiments and these have yielded decisive results. The 
causal organism has been isolated, grown in pure culture, inoculated 
into apple and pear trees and reisolated. At present the disease is 
being studied under the following lines: 


(a) Cultural characteristics of the disease producing organism. 
(b) Relation of the fungus to the host. 
(ec) Practical control measures. 


In the line of practical control measures the pneumatic hammer has 
been utilized to drive a chisel and the usefulness of this tool for the 
eradication of cankers and for tree surgery is reported in a separate 
article which is to be printed with this report. ‘Attention is also be- 
ing paid to various paints and wound coverings which may be found 
suitable for use in covering wounds made by cutting out cankers and 
which will not interfere with the normal wound callus formation. 

Work Under Hatch Fund.—The plant disease suryey of the state has 
been continued and state correspondence on plant diseases answered. 
One publication “A Preliminary Host Index of the Fungi of Michigan, 
Exelusive of the Basidiomycetes, and Including the Plant Diseases of 
Bacterial and Physiological Origin” has been published in the 14th 
report of the Michigan Academy of Science (1913). The annual report 
of the plant disease survey of the state has been made under your 
direction. Field experiments have been made in the control of various 
potato diseases and an attempt was made to determine accurately the 
extent of damage done by Late Blight of-the potato last year. The re- 
sults of this work are included in a manuscript which was submitted in 
April to the director of the experiment station. A manuseript is in 
preparation upon the relation of Phytophthora infestans (Mont.) TDe- 
Bary. to the weather. 

A co-operative experiment in the control of Fire Blight of apples was 
undertaken at the farm of Miss Martha Wilson of Charlevoix. A survey 
of the orchard was made, and a senior student, Mr. J. A. McClintock 
was sent at Miss Wilson’s expense to cut out the cankers and blighted 
twigs... An examination this spring shows that although over 200 
cankers were cut out, only 5 limbs developed the disease this year. 

The Botanical division of the experiment station is cramped for room. 
High pressure steam is needed for ready operation of several pieces of 
apparatus. The specimens sent in by farmers throughout the state, and 
those collected during field trips are increasing in number and a proper 
housing for these should be provided. It might be well to have these 
arranged by hosts according to the plans followed by other exneriment 
stations, and soon the specimens would form a valuable reference col- 
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lection on the diseases of Michigan, both as to nature and distribution. 
For comparison the standard European collections of fungi are badly 
needed. 
Respectfully submitted, 
G. H. COONS, 
Research Assistant in Plant Pathology. 


THE PNEUMATIC CHISEL APPLIED TO TREE SURGERY, 
CUTTING OUT CANKERS, AND PRUNING. 


BY G. H. COONS, RESEARCH ASSISTANT IN PLANT PATHOLOGY. 


In tree surgery, it is necessary to open cavities, cut off broken, 
splintered stubs and clear aw ay decayed wood down to a sound base. 
In pruning, it is necessary, in order to prevent the retardation of the 
wound callus, to avoid stubs and to make all pruning flush with the 
main branch. Much of the work in cutting out cankers, requires a tool 
such as a carpenter’s gouge. These operations of tree surgery require 
much work and some jobs require hours of chipping with the chisel 
and mallet. 

It was thought worth while to attempt to devise a means of cutting 
down the labor entailed in these operations, and the pneumatic hammer 
driving a chisel was experimented with as a cutting tool. 

To the author’s knowledge, no other tool to do similar work has been 
devised. There is, however, a rotary cutter driven at high speed by a 
gasoline engine or other power, w hich is being perfected by" Dr G.-H. 
Stone’ of the Massachusetts Experiment Station. This rotary cutter 
may become a valuable adjunct for tree surgery since it makes the 
cleaning of cavities easy. 

The pneumatic tool is an adaptation of the pneumatic hammer used 
in riveting and chipping, and in it the chisel is held and advanced by 
the numerous (twenty-eight hundred per minute) blows of the piston 
which is driven by compressed air. 

In these experiments, the pneumatic hammers were attached to fifty 
foot lengths of heavy-walled hose carried from a 66 gallon range boiler 
which served as the reservoir for air. Air pressure “of fifty pounds or 
over was maintained. This pressure was given by a one and one-half 
horse power gasoline engine working an air-cooled pump. The method 
of assembling the trial outfit is shown in the accompanying eut. Pigs 2. 
The tables accompanying this article will give, for the size of the ham- 
mer used, the volume of air required by each and a consultation of the 
catalog of any firm making air compressors will give the capacity of 
the different sizes of pumps. 

The chisels used were specially made and were on the order of a car- 
penter’s gouge. One was fashioned from a rasp and was bent to a 
crescent shape, while the other was hammered out from tool steel to 


lis” E. Stone in Start, E. A., Stone, G. E., and Fernald, H. T., Mass. Exp. Sta. Bul. 125:6 3 pp., 
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give a 1” cutting edge. This, when ground to an edge, beveled on the 
inside, gave very good results. 


| 


} d | 
| D | Length | Bl at ies | P Ppanee Net 
qi, je | Diameter | Length | ows of free | ower | ength ve 
Size and style. piston. of stroke. | per min. air per | test. over all. weight. 
minute. | | 
= = - | 
Boyer oe & 
alking BB.... ly | 1} 2800 12 . 03387 11} 9 
Boyer Stone F... iE | 1} 2200 8 | 02004 10 6} 
Boyer Stone O... 34 3 | 3200 7 | . 00890 8} 4} 
° | 


Three different weights of pneumatic hammer were tried, Boyer 
BB, weight nine pounds, Boyer F, weight six and one-half pounds, 
and Boyer O, weight four and one-half pounds. It was thought at 
first that only by considerable weight could the rebound be taken up, 
and hence a heavy hammer was chosen. While this was found very 
effective, its weight with that-of the length of hose to be lifted made 
its use very tiring. Accordingly two lighter weight hammers were 
secured and were found to work very well. The lighter hammers give 
more of a jar to the hand, but this, however, is not enough to interfere 
with their use. The extra portability and lightness of the smaller sizes 
make them by far preferable for this work. 

The method of operating the chisel is very simple and one can become 
skillful with it in an afternoon. It is seen from the cut that the chisel 
is Shaped like a revolver, with the air-throttle valve situated above 
the hammer and under the control of the thumb. After projecting parts 
of the wound are hewn away and for this a lather’s hatchet is excellent, 
the opening of the cavity is made with the chisel. This chisel is held 
firmly against the wood with two hands and the material chipped away. 
Only solid wood can be cut since splinters or any small branches vibrate 
to and fro with the hammer. 

The chisel should be fastened in the hammer by means of a set screw or 
a firm grip chuck in order that it may not drop out. 

It was very soon found that the pneumatic chisel will not replace 
the hammer and saw and hence the gross work of pruning and cutting 
must be done as before. The pneumatic tool does do the work of goug- 
ing out cankers, smoothing stubs flush with the face and opening cavi- 
ties very effectively. In short, it does exactly the work of the gouge 
and the mallet. 

Careful timing of similar jobs shows that after one becomes proficient 
in the use of the tool, he can do four or five times more work with 
it than can be done with the mallet and gouge. 

This tool is recommended ‘to tree surgeons, park boards and city 
foresters doing tree surgery work and to fruit growers with large 
acreages, 

The equipment can most economically be made a part of the spraying 
outfit, by placing the air pump on this outfit and slinging the tank 
underneath the trucks, or setting it upright beside the spray tank. 

The fittings required to make up the pressure system consist of the 
check valve and piping between the pump and the tank, the hose con- 
nections, cut-off valve and gauge between the hose and the tank. Park 
boards buying new spray equipments can save time and secure better 
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arrangements by having this air compressor and tank put on the machine 
at the time of purchase. 

The author has found the following advantages in the use of the tool: 

It does the work of opening cavities, pruning away stubs, cutting 
off broken splintered limbs—the work which at present requires the 
mallet and chisel—very effectively. 

It must be confessed that the ordinary fruit grower, other than saw- 
ing as close as is possible, makes no attempt to make wounds flush, this 
tool, since it renders this work easier, should do much to encourage <¢ 
better class of pruning. 

It does the work of four or five men and the work of holding the 
pneumatic hammer is not so tiring as the use of the mallet and chisel. 

It is an excellent means of cutting out limb cankers such as are made 
by pear blight, New York apple tree canker and the like. Rightly 
used, it should save many Jimbs which otherwise would be girdled in 
a short time. 

Given to a city forester or a park board, it will make possible the 
repair of the trees of a whole street where, at present, only a few 
blocks can be handled. E 

The cost of this outfit, as used in this experiment, which gives air 
enough for the operation of two small hammers, is about one hundred 
dollars, exclusive of the engine. This estimate places the hammer at 
from $35.00 to $40.00, depending on size; pump at $34.00; the tank at 
$15.00, with the hose at twenty cents per foot. 

The number of hammers to be operated from one air supply and the 
size of pump, engine, ete., must be decided for each particular case. 
Furthermore, the chisels, gouges, ete., must be fashioned to suit the 
particular class of work to be done. 

The author wishes to thank the Chicago Pneumatic Tool Company of 
Detroit for the loan of the tools used in the experiment and the De- 
partment of Farm Mechanics for assembling the outfit. 

In conclusion, it may be well to point out that this use of the pneu- 
matic chisel is new and is as vet in the experimental stage. This tool 
does the work of the chisel and mallet, not that of the axe or saw. As 
tried on trees on the M. A. C. campus and in an apple orchard nearby, 
it did very efficient work. It would seem that the recommendations 
in light of this experience were justified and it is hoped that the tool 
will find a wide use. 


Prof. E. A. Bessey, East Lansing, Michigan. 

Dear Sir—lI have the honor to submit herewith a report of the Plant 
Physiological studies for the year 1912-13. Outside of the time used 
for instruction, my work has been entirely on the Adams Fund work. 

The problem in its broadest sense is a problem of Nutrition. The role 
of salts in the growth and development of plants is obviously a highly 
important problem. Of the class of organic foods we know much but 
as to the function of the other class, salts, we know very little beyond 
the fact that neither plants nor animals can live on an ash free diet. 
Botanists and soil chemists have assumed that salts are of nutritive 
value ‘since the elimination of one or more elements from the solutions 
interfers with the vital activities of the plant. Animal physiologists 
have recently shown that some salts function in a protective way rather 
than in a nutritive one. Not only is this true for some few marine 
animals but also for a few plants. 
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According to this hypothesis one salt antagonizes or neutralizes the 
toxic effect of another and a certain balance or equilibrium is attained 
in the solution. The blood of animals, sea water and in all probability 
the soil solution are physiologically balanced solutions. If this view 
of the role of salts finds substantiation by further studies it will, in 
all probability, lead to problems of great value to the farmer, for it is 
an accepted fact that the soil solution which bathes the root hairs is the 
direct source of the mineral elements which the plant receives, and one 
may also justly conclude that the soil solution is a_ physiologically 
balanced solution for such plants as thrive on the soil from which the 
solution was derived. 

In spite of many investigations it is not yet clear what constituents 
of- the soil are absolutely needful for plants in a nutritive sense. For 
example, lime, one of the most important elements, in all probability 
exerts a protective or corrective function. The bulk of experiments on 
the application of fertilizers and even our general agricultural practice 
fail to consider the effect of such fertilizer treatment on the soil solu- 
tion. The present methods are not based on the principles of balanced 
solutions. The phenomenon of adsorption undoubtedly plays an im- 
portant role in all soil problems and what relation this holds to the 
subject of balanced solutions is as yet to be determined. Whether, among 
other factors, it helps to attain a balance in the soil solution or not is of 
fundamental value. 

The problem as roughly outlined above has been so far of laboratory 
nature and has led to the publication of a preliminary paper entitled 
“The Antitoxie Action of Chloral Hydrate and Copper Sulphate for 
Pisum sativum.’ This paper appears in the Central blatt fur Bakter- 
idlogie. Already experiments have been started in the field and for 
this purpose we are using the large zine cans imbedded in the soil. 
Much of the work has been a study of methodology or the improye- 
ments in such. It is gratifying to report therefore, upon another paper 
which will appear in preliminary form in the Fourteenth Report of 
the Michigan Academy of Science. This method contemplates a radi- 
cal change in the ordinary Kohlrausch method in that a dynamometer 
actuated by an alternating current supercedes the old telephone and in- 
duction coil. In co-operation with Prof. C. W. Chapman of the Physies 
department a complete report on this improved method is being put 
into shape for publication according to the director’s wishes. In this 
paper the different methods are compared to relative accuracy, quickness 
and ease of manipulation. 

The work of teaching in the college engrosses more and more time 
although three-fourths of my time should belong to the Experiment 
Station. This could be readily avoided if facilities were at hand such 
as a storekeeper, and laboratory assistant could provide to take care of 
certain routine parts of the laboratory work in teaching. 

Respectfully submitted, 
R. P. HIBBARD, 
Research Assistant in Plant Physiology. 
Kast Lansing, Mich., June 30, 1918. 
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REPORT OF THE ENTOMOLOGIST. 


Director R. 8S. Shaw. 

Dear Sir—Following is a brief ree of the work of the Division of 
Entomology for the year ending June 30, 1915. 

The cold, wet spring of last year Tod a the development of a serious 
aphid out-break, which had its effect on the apple crop especially. The 
spring just past has repeated the conditions of a year ago, only in 
lesser degree, and the present summer: finds lots of plant- ‘lice in the 
orchards. It is very exceptional indeed to have two aphid years in 
succession. In the northern part of the state the weather turned hot 
when summer finally came and the grasshoppers have in consequence 
been unusually abundant. 

As in the past, new pests are continually coming in, and these often 
require rearing to make sure their identity. The correspondence grows 
yearly, and as a consequence more effort is expended to take care of 
inquiries. 

During the year, a revised edition of the Spray and Practice Outline 
was prepared by Professor Eustace and the writer, and published as 
special bulletin No. 61. 

Dr. G. D. Shafer is still working on his problem concerning how 
contact insecticides kill insects, with eratifying results. His experi- 
ments are gradually focussing on some principles of basic interest. 

It is hoped that during ihe next year, we shall be able to take up 
more of the work of insect control, such as is brought about by spray- 
ing, ete., due to the promise of part of the time of a new man for this 
work. 

The writer is using such time as can be secured at present to apply on 
a bulletin on the principal forest and shade tree insects of Michigan. 

Respectfully submitted, 
Re. PREP, 
entomologist. 


East Lansing, Mich., June 30, 1913. 


REPORT OF THE HORTICULTURIST. 


Director R. S. Shaw. 

Sir—I herewith submit a report on the work in horticulture for the 
year ending June 30th, 1913: 

3ulletins or circulars from this department have been issued on 
oever Crops for Michigan Orchards and Vineyards,’ “Celery Grow- 
ing,” “Small Gruit Culture,’ “Cucumbers as a Cash Crop,” “Starting 
a Lawn” and “Spray and Practice Outline for Fruit Growers.” That 
the information contained in these publications has been of value can 
best be judged by the demand for them. The circular on “Cover Crops 

23 
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for Michigan Orchards and Vineyards,” though printed in a liberal 
edition, was soon exhausted and should be reprinted soon. 

A number of experiments that will require several years to obtain 
results were started a few years ago and nothing definite can be re- 
ported upon them at this time. These experiments include tests to 
determine the comparative merits of pruned and unpruned young fruit 
trees; of the value of the Kieffer pear as a stock for top w orking other 
varieties; tomato breeding; strawberry breeding; the value of. peach 
trees w hen propagated with buds taken from trees of unusual vigor ; 
fertilizer tests for tomatoes at Plymouth; value of different stocks for 
sour cherries. 

A test was again made to determine the value of spraying potato 
plants with the Bordeaux mixture and poison. The gain in yield was 
barely enough to pay for the spraying but the tubers from sprayed 
plants were “kept in better condition for a longer time than those from 
plants not sprayed. 

A careful test was made for two seasons on the comparative value 
of Bordeaux mixture and the diluted commercial lime and sulphur 
for spraying cherry and domestic plums*to control leaf spot and rot. 
The Bordeaux was made with four pounds of copper sulphate and six 
pounds of lime to fifty gallons of water. The concentrated commercial 
lime-sulphur tested 33 Baume and one gallon was diluted with water 
to forty gallons. Arsenate of lead was used as needed. There was 
no noticeable difference in the efficiency of either of these mixtures 
while adjacent trees not sprayed were completely defoliated by mid 
summer and the fruit of no value. 

A comparison of the efficiency of copper sulphate solution (1 pound 
of copper sulphate to 10 of water) and one gallon of concentrated lime- 
sulphur, 34 Baume to 44 gallons of water to check peach leaf curl re- 
sulted very much in favor’ of the lime-sulphur. Where San Jose scale 
is present, the lime-sulphur will have to be used and if the spraying 
is made before the buds break, the leaf curl will be controlled and the 
San Jose scale destroyed but in regions where the scale is not present, 
these results indicate that it is better to use the lime-sulphur to pre- 
vent the leaf curl than the copper sulphate solution. 

In an effort to determine the value of winter vetch for an orchard 
cover crop, plots one acre in size in orchards in various parts of the 
state, mostly in the northern part, were sown during late July or 
early August. Notes were secured upon the appearance of the yvetch 
in May and in every case where the soil was sandy, the crop was very 
successful. This plant is still highly regarded for an orchard or vine- 
yard cover crop. 

A test on thinning Wealthy apples was made in an orchard near 
Grand Ledge. On a tree where the fruit was not thinned by actual 
count there were 2943 fruits of which 2213 were number ones, making 
17 bushels, 480 culls and 250 drops. An adjacent tree that required 
one hour and forty minutes of labor to thin the fruit on July 22nd, 
there were 2085 fruits, 1965 of which were number ones which made 
just 17 bushels and 120 culls and drops. These two trees are taken for 
comparison since the yields of No. 1 fruit was exactly the same and 
the results are typical of the others. Where the crop of fruit is good, 
there is no question but what thinning the fruit in the early summer is a 
very profitable orchard practice. It not only results in a much more 


EXPERIMENT STATION REPORTS. 179 


valuable crop of fruit but in many instances, the tree is saved from 
serious injury by having the load of fruit evenly distributed over the 
tree. 

It is hoped in the near future, to have ready for publication bulletins 
on “Peach Growing” with a complete financial account of a fifteen acre 
peach orchard now six years old and on “Tomato Growing” including 
the results with various fertilizers, spraying mixtures and methods of 
culture. 

The Experiment Station work in horticulture is and for some years, 
has been yery seriously handicapped in the progress that should have 
been made for the reason of insufficient help. With college duties oc- 
cupying the time of every member of the department and each year be- 
coming heavier, it has been impossible to give the time to Station work 
that it has been desired and should be given. Another year, it is hoped 
an assistant can be employed to give his entire time to the Station work. 

Respectfully submitted, 
H. J. EUSTACE, 
Horticulturist. 
East Lansing, Mich., June 30, 1913. 


ANNUAL REPORT OF THE SOUTH HAVEN EXPERIMENT 
STATION. 


Prof. H. J. Eustace, Horticulturist. 

Sir—The following report upon the work of the South Haven Sub- 
Station is herewith submitted. 

Owing to the crowded condition of the trees, it has been necessary 
for us to remove many of them during the past few years in order 
that the remaining ones might receive plenty of sunlight and also to 
facilitate the orchard operations such as spraying and pruning. This 
has lessened, to some extent, the number in our list of varieties but 
where there has been any preference, we have removed varieties of the 
least importance so that our collection still contains the best varieties 
which have been started here. 5 

Varieties—At present, the total number of varieties on the grounds 
is 677. Of this number, 210 are apples, 88 plums, 82 cherries, 87 pears, 
68 peaches, 51 grapes, 24 nuts, 8 quinces, 14 currants, 18 gooseberries, 
8 red raspberries, 7 black raspberries, 3 purple raspberries, 15. black- 
berries and 3 dewberries. 

Among the new and little known varieties of apples which are doing 
well in the Station orchards are the No. 1 New, Winter Banana, Fa- 
meuse, Sucre and Spencer. Traveler, Star and Wells are also new 
varieties which have just come into bearing and all promise well. 

Number 1 New is one of Gideon’s seedlings. It is a Russian apple of 
the Duchess type and ripens at about the same time. It is very prolific, 
bearing large crops biennially and the tree is a more vigorous grower 
than the Duchess. The fruit is larger and firmer than the Duchess but 
is generally not as highly colored. It is worthy of a trial for those 
who wish another variety which ripens at that time of the year. 
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Those who wish to try a new variety of the Fameuse type will be 
pleased with the Fameuse Sucre. The fruit is of better quality and 
has a higher color than the Fameuse but is not quite as large and the 
keeping qualities are not as good. 

For a very early peach, the Mayflower has proven desirable with us. 
It is a large white cling-stone peach of fairly good quality. The bright 
red cheek gives the fruit a good appearance. It will probably not be of 
much value as a commercial variety but should have a place in the 
home orchard as it ripens about the twentieth of July which is some 
time before any of the other varieties ripen. 

In our test of nut varieties, we have found several which are worthy 
of consideration by those interested in nut growing. The Paragon 
and Comfort Chestnuts have done very well with us. Both varieties 
bear good crops almost every year. The Paragon is, by far, the better 
of the two and should be raised by every one who wishes to grow some- 
thing besides the native nut. Although the trees are rather small in 
size, the crop will often average a half a bushel of nuts to the tree. 

A number of Paragon seedlings were set this spring. Chinquapin 
chestnuts have not given very good results. They have not produced any 
fruit and are not very vigorous growers. 

The Kentish Cob and the Cosford Thin Shell filberts have given good 
results. Both bear quite well and the nuts are fine, large and meaty. 
The crop averages about a fifth basket of nuts per tree and sometimes 
a little more. The Kentish Cob is the best variety of the two as the 
nut is larger~and the bush more prolific. 

The English hazelnut bears fair crops occasionally but the nut is 
small and the filbert would be preferred if this type of nut is to be 
grown. 

Two pecan trees set in 1890 have made enormous growth but did not 
blossom and set fruit until last year. The season here is not long 
enough to mature the nut. The trees have been perfectly hardy, being 
apparently uninjured by the freeze of 1906 and the cold winter of 
1911-12. 

Soil Culture Tests—In 1907, a comparative test of sod mulch and 
cultivation was started in blocks of European plums, Japanese plums 
and apples. In each case, except the Japanese plums, the blocks con- 
sist of three rows of twelve trees each, each row being set to a different 
variety. The plots are so arranged that each consists of three varieties 
with six trees of each variety. In the Japanese plum block, there are 
four rows and an equal number of varieties. The varieties in this block 
are the Burbank, Abundance, Satsuma and Red June. 

The varieties in the apple block are the Wagener, Wealthy and Duchess 
and in the block of European plums, the varieties are the Monarch, 
Grand Duke and Bradshaw. 

The following figures give the average circumference of the trunks 
of the trees at a distance of one foot from the ground and also the 
average length of the growth made by each variety this year (1913): 
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Sod Mulch. Cultivation. 
Sey SS SS ee ee 
Circumference. Length. Circumference. Length. 
European Plums: < - 
Grand Duke. .2: stn. : eal Sa boe 15 in. 6.66 in. | 13.1 in. 
TACSUA Wien ole ofa» sale arels 6.54 in. 13.27 in. 6.46 in. | 13.8 in. 
WON aTCHISe © << hes veteien 7.83 in. 13 in. | 8.55 in 11.3 in. 
| 
Japanese Plums | 
Wid op NSS Cogan ee noo ae 8.3 in. 13.25 in. | 8.55 in 15.4 in. 
RSBILSUIINL GY cuereenacy o cio eysve ts 5.9 in. 9.35 in. 7 in 13.4 in 
DUNG ANCE Wet here) tere ives 7.74 in. 10.2 in. 8.4 in 10.75 in 
REGRTUNE ie eee) ne 6.4 in. 14.8 in. 6.5. in 14.3 in 
Apples: | f - 
WAP ETIOP sits wesc fs cey> 3.87 in. 9.25 in. | 4.81 in. | 14.8 in. 
IWWERIULIV HS Set ease ork dw cere 5.62 in. 12.3 in. Tol is} 14.25 in. 
WDCHESS yeh owes wes | 5.08 in. 12''6: in. | 4.81in W651 in 


From the above measurements, it can be readily seen that the trees 
in the cultivated plots have grown the best. The rather mixed results 
in the case of the European plums is due to the fact that the culti- 
vated plot was affected by a row of shade trees and a hedge which 
drew the plant food and moisture from some of the fruit trees. Had 
it not been for this, it is certain that the trees in the cultivated plot 
would have made a much better showing. 

The difference between the cultivated and sod mulch plots was not 
very noticeable until two years ago. In fact, Japanese plums, in the 
sod mulch plot seemed to be doing the best. Now, the difference in favor 
of the cultivated trees is growing greater every year. 

The general care of the cultivation and sod mulch plots has been 
according to the accepted methods of each kind of culture. In the sod 
muleh plot, the grass was cut twice a year and enough mulching put 
around the trees, as far out as the drip of the leaves, to kill out all 
growth of grass and weeds. Extra mulching material was brought into 
the orchard if necessary. 

In the cultivated plots, the ground was plowed early” in the spring 
and kept cultivated until about the first of August. It was then sown 
to a cover crop of common red clover, except the last two seasons, when 

oats were used instead of the clover as it was found that the continual 
use of clover was too stimulating to the growth of the trees. 

May Frost.—The frost of May 9th did considerable damage to the 
present season’s fruit crop. At that time, the thermometer registered 
27 degrees. Along the lake shore, the apples were not materially in- 
jured “although some growers have reported damage to those varieties 
which were just through blossoming while those which were in full 
bloom are bearing good crops. The “difference, if any, in the effect of 
the frost on varieties, was very slight. It was apparently more a mat- 
ter of location and condition of blossoming. 

The Bartlett pears, however, were more susceptible to frost injury 
than other varieties of that fruit. Of the peaches, Smock, Salway and 
Kalamazoo were apparently the most affected. Elbertas and Gold 
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Drops generally have good crops. In our orchards, Lemon Free, Whit- 
ford, Uneeda, Cling and Red Bird Cling have the best crops. There was 
apparently no difference in the effect of the frost on varieties of cherries 
and plums. 

There is a continuing increase in the number of requests for informa- 
tion both by correspondence and telephone calls. A large number of 
the questions are with reference to spraying and much interest is 
manifested in our work of determining the proper time to spray for 
the codling moth. 

The large number of requests for personal inspector of orchards 
where conditions are not normal cannot be granted on account of the 
lack of time. 

F. A. WILKIN, 
Superintendent. 
South Haven, Mich., June 380, 1913. 


REPORT OF THE DAIRY HUSBANDMAN. 


To Director R. 8S. Shaw, East Lansing, Mich. 

Dear Sir—The following brief statement is submitted as the report 
of the Dairy Husbandman for the year July 1, 1912, to July 1, 1915: 

All the experimental projects under investigation have been con- 
tinued throughout the year. Considerable progress has been made with 
the grade dairy herd, and, barring unfertunate occurrences, we hope 
to bring this work to a close in the next three or four years: 

Data has been collecting, and is now nearly completed, for a bulletin 
on the yariation of the butter fat content in the milk of individual 
COWS. 

Tentative plans for two lines of experimental work submitted a year 
ago have been revised from time to time, and it is hoped, with the 
present funds available, to actually begin the work along both these 
lines within the next six months. 

No bulletins have been written or published during the past year. 

Respectfully submitted, 
A. C. ANDERSON, 
Dairy Husbandman. 


ast Lansing, Mich., June 30, 1913. 
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WHEAT IMPROVEMENT. 


Bulleiin No. 268. 


BY FRANK A. SPRAGG. 


MICHIGAN Wueratr CONDITIONS. 


If one should walk into the average wheat field in Michigan just 
before harvest, he would find occasional heads of a large number of 
types of wheat. Some of these might perhaps have a white chaff, some a 
red chaff, some might be bearded and some beardless, and if a number 
of heads were shelled differences would also be found in the grain such 
as hard, soft, red, white, etc. The writer has counted as high as a 
dozen types of wheat in one field. This shows that the farmer is grow- 
ing a mixture of at least that number of varieties. 

As can be seen in Fig. 1, Michigan is not producing the quantity 
of wheat that she should, were all her farmers practicing proper methods 
of culture and growing the best variety for their soil and conditions. 
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Fig. 1—Showing the relative yields of two of the better varieties at the Michigan Experiment 
Station as compared with the average yield of the state. 


Michigan is producing about half as much wheat per acre as she 
should. The average yield of wheat in Michigan for 1910 and 1911, as 
reported in the Yearbook of the Department of Agriculture, was 18 
bushels per acre. Wheat No. 60101, which is a selection from the Ameri- 
can Banner produced 42.8 bushels per acre and No. 61801, which is a 
selection from the Shepherd’s Perfection, 39.3 bushels per acre as an 
average for the same two seasons. No doubt many of the low yields 
that cut down the state’s average come from a class of careless farmers 
who continue to plant year by year any kind of wheat that they 
may happen to have. These farmers do not use the fanning mill to clean 
out the light chaffy grains and weed seeds. They do not select their 
seed at all and after a time they say that their variety of wheat has 
“run out.” Instead, the facts are that the wheat has been mixed with 
so many almost worthless wheats as to lose its identity, while the 
original wheat if purified might really be a better variety for the par- 
ticular conditions than originally. 
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ORIGIN OF THE COMMON VARIETIES OF WHEAT. 


It may be interesting to give the origin of a few of the better known 
American wheats. The Fultz wheat was originated in 1862 by Abraham 
Fultz of Mifflin County, Pa. He picked a few stray beardless heads out 
of a field of Lancaster wheat, which is bearded. He planted the grains 
from the selected heads that year and continued in this way until he 
had a considerable field of the new variety. This wheat is now being 
grown with good success in most of the eastern and central states and 
in several foreign countries. 

In 1865, Mr. Garrett Clawson of Seneca county, New York, selected 
some of the best heads out of his field, the seed of which he increased 
during the next few years and thereby originated the White Clawson 
wheat. 

Throughout the spring wheat districts of the northwest, there are a 
large number of Fife wheats forming the basis of the great wheat and 
flour production of that district. All of these are said to have been orig- 
inated from a selection by Mr. David Fife, of Otonabee township, On- 
tario. <A friend of his in Glasgow, Scotland, had obtained a smal] quan- 
tity of wheat from a cargo direct from Dantzic, Germany. Mr. Fife re- 
ceived it shortly before planting his spring wheat. As it proved to be a 
winter variety he was able to grow only three heads but he continued 
planting this wheat and distributing the product until now the Fife 
wheat is known throughout the country. 

In Michigan we find several varieties that still carry the names of 
the originators. Among these are Betterley, Goings, Shepherd’s Per- 
fection, Eaton, Jones Longberry and Dawson’s Golden Chaff. 


PURIFYING AND TESTING VARIETIES. 


At the Michigan Experiment Station thousands of individual plant 
selections are made. The seeds are at first planted so that it is abso- 
lutely known that each selection grew from a single seed. The best 
of these selections are planted in separate rows the next year. Here 
some of the undesirable lots are discarded before harvest. The remainder 
of the rows are threshed with that kind of care that allows not a single 
seed to get over into another lot. 

The higher yielding of these wheats are planted in larger plots and as 
soon as possible they are planted in variety series. The plots in a 
variety series are usually one drill width (11 hoes) and long enough 
to make a one-twentieth acre plot. These long and narrow plots are 
placed side by side on as uniform land as is available. <A _ three-foot 
path extends between each two adjacent plots. The first and every fifth 
plot thereafter is planted with the same variety as a check on the vari- 
ations in the soil. The remaining plots are planted to different varieties. 
sy this means the relative yielding power of these pure strains is found. 
This work is repeated each year. The average of three or more years’ 
results should give a fair comparison of the several varieties. The less 
promising varieties are discarded as soon as they are proven to be in- 
ferior. The aim in this work is to save the best varieties each year and 
test them out in comparison with new varieties and finally to develop 
better varieties for the benefit of the Michigan farmer. Seed of the 
best of these varieties is being sent out each year to representative 
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farmers who will keep the seed pure and sell seed to their neighbors. 
Through these co-operators the general farmer may expect finally to re- 
ceive benefit from these pedigreed high producing wheats. 

Thus the Experiment Station takes the ordinary commercial mixtures 
(called varieties) and if after some preliminary testing they are con- 
sidered promising they are separated into several pure strains, each 
descending from single plants, and these are tested separately in the 
variety series. A variety that goes out to the farmer is not an original 
variety but the highest ‘Vielding pure strain found in one of them. 

However, the yielding quality is not the only thing to be considered. 
The miller demands good milling wheats and the baker has a right to 
have good flour from which to make his bread. Thus a variety cannot be 
recommended simply because it is a high yielder but it must also be a 


Fig. 2.—Series of 1/100 acre wheat plots in foreground, and 1/20 acre oat series in background. 
Mostly from individual pants of 1906. Crop of 1909. 


good bread making wheat. The Experiment Station is now making 
milling and baking tests on the higher yielding wheats. 

Finally the farmer must study the adaptability of new wheats to his 
conditions. As a rule the farmer should avoid sending off great dis- 
tances for seed wheat unless it be for experimental purposes. The Ex- 
periment Stations generally find that varieties from other countries must 
be grown for two or three years in their new home before the yield can 
be relied upon. Even grain that comes from other states changes both 
in quality and yield and it is probable that grain changed from one kind 
of soil to another in the same neighborhood does not do as well the first 
year after the change as it would have done under its home conditions. 
The farmer who has been awake to his possibilities in obtaining the best 
variety for his farm and who has selected that seed carefully on his own 
soil has undoubtedly a much better variety for his own conditions than 
can ordinarily be obtained outside. A few years ago the Minnesota and 
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North Dakota Experiment Stations exchanged seed wheat of the same 
variety. It was a pure strain that had come originally from Minnesota. 
Bach Experiment Station planted the home grown seed in a plot along- 
side of that obtained from the adjoining state. In each case the plot 
from the home grown seed produced the more. The experiment was re- 
peated with the same results. On the average the home grown seed 
produced 2.5 bushels more per acre than the imported seed. This simply 
brings out the point that it is unsafe to get seed of a new variety of 
wheat for planting a general acreage unless the wheat has been tried 
under the same or similar conditions. It does not mean that wheats 
from the Experiment Stations or other sources should not be tried. A 
new variety from reliable sources may promise considerable in the way 
of increased yields, but should be used for the first time in a moderate 
way and in comparison with the home varieties. 


WHAT FARMERS CAN DO TO IMPROVE THEIR WHEATS. 


Farmers can keep their wheats from “running out.” It is very im- 
portant to keep a variety pure. A wheat said to be “run out” is really 
so badly mixed with low grade and poor yielding wheats (if not also 
weed seeds) as to lose its identity. Light wheat and weed seeds should 
always be cleaned out with a good fanning mill. Always remember 
that “like begets like,’ and a man can hope to harvest only what he 
SOWS. ; 

Much of the work at the Experiment Station includes the isolation of 
pure strains and the testing of these to give the farmer only the best. The 
farmer can co-operate by keeping the wheats pure. The threshing ma- 
chine brings grain from the neighboring fields and the first few sacks 
of grain threshed will be mixed with these other varieties. The farmer 
should always have his next year’s seed in mind at threshing time. All 
he needs to do is to save his seed wheat after the machine has been 
running long enough to shake out all the foreign wheat. This wheat 
should then be stored separately for seed purposes. 

If, however, a pure variety has been mixed, it can be purified with a 
little more work. Two or three hours should be spent just before the 
wheat is cut in gathering some of the best heads of the type of wheat 
that it is desired to raise. Half of a burlap sack full of such heads will 
give the farmer a good start. This sack should be hung up in a sheltered 
place, where it will have a free circulation of air and be away from the 
mice. When the heads are thoroughly dry, the wheat may be threshed 
by pounding the sack with a stick. Then after looking the fanning 
mill over to see that no other wheat is caught in the screens, run this 
small lot of wheat through. This pure wheat should be sown in a plot 
by itself being careful to keep it separate at threshing time the follow- 
ing season. It would pay to flail it out to make sure that it is not mixed 
with other wheats. This will provide enough seed to sow a good sized 
plot which can be threshed the next season with the ordinary thresher 
but the first two or three sacks of it must be set aside and the seed wheat 
saved after that. 

WINTER KILLING. 
The winters of 1909-1910 and 1911-1912 have enabled the Experiment 


Station to observe the wheats from the standpoint of endurance to cold 
and ice sheets, the past winter presenting especially favorable conditions 
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Fig. 3.—Portion of the 1912 wheat variety series showing an especially hardy plot. 


Fig. 4.—The 1912 wheat nursery showing relative resistance to cold, among varieties. 
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for the comparison of the hardiness of the different varieties. In the 
variety series, where some varieties were almost entirely killed, others 
have survived fairly well. Nine varieties stand out so markedly as to 
attract attention and ten others are easily judged as superior to the 
check (Shepherd’s Perfection) in power to resist cold. 

In Fig. 8, is shown a portion of the 1912 variety series. The plots are 
long and narrow, as is also shown in Fig. 1. In the center of the cut may 
be seen Bearded Rock (97003) with a stand of 74.3%, spring of 1912. On 
the right is Shepherd’s Perfection (61801) used as a check in the variety 
series. This variety had an average of 21% stand this spring. On the 
left is Bearded Mealy, with a stand of 19.4%. 

In Fig. 4, is shown the nursery where new wheats are selected. 
The seeds are planted separately in hills 5 by 5 inches apart, that each 
plant may have the same chance and that the best plants may be found 
and selected as mothers of new strains. The plots are five feet wide and 
long enough to take care of 200 or 300 seeds. Each stake represents a 
plot. In the fall of 1911, a large number of foreign (Australian) vari- 
eties were planted here. This portion is shown to the left of the cut. 
These Australian wheats grew nicely last fall but were entirely winter 
killed. At the right may be seen some varieties of wheat that stood the 
winter in good condition. In the center of the cut also may be seen a 
variety (plot) that is a good stand. Many of the other varieties have 
_ been almost entirely winter killed. These are mostly varieties that farm- 

ers are growing in different parts of Michigan but had never been 
planted at the college before. A few of these varieties, however, came 
from other states. The effect of a hard winter like 1911-1912 is clearly 
shown. 

Table 1, gives a comparison of some of the best wheats as to the re- 
sistance to cold and ice during the winter of 1911-1912. Some new 
wheats are included that are not mentioned in other tables of this bulle- 
tin because of their great resistance to unfavorable winter conditions. 


TABLE I. 


Description of varieties. 


& | | 
} | Percent. 
D } | 
2 Names of 
a varieties. | Bearded | Color | Color and | fe an 
ue or of | hardness of a | S35 | 3 
° © , © | ora) em Oo | - | 
= | | awnless. chaff. grain. 5 = | ge | ce | 8 
c } A= i =H Lee 
° | 2 SS = 
38 | | | ee | =| 38 | 3 
=s A = re 
D Sa ae 
| <i ie ae 
60602 | Early Windsor...... Awnless..! Red....| Pearl (W)....| 53.8 64.9 | 9.65 82 
60101 | American Banner....} Awnless..| Red. . Pearl GW) acl" 120) 59.9 | 18.35 78 
78605 | Plymouth Rock..... Awnless..| Red. ...| Pearl (W) 57.8 65.0 11.0 80 
913302 | Genesee Giant......)| Bearded. Red.....} Pearl (W).... 34.7 53.4 12.85 90 
61801 | Shepherd’s Perfection; Bearded...) Red....| Common Red 21 56.2 | 13.65 92 
95201 | Shepherd’s Perfection) Bearded...) Red....| Common Red 48.8 53 9 17-6 92 
912402 | From across. ...... Bearded..| White..| Common Red 42.81 | 54.3 20.2 oe 
912703 | Craig’s Favorite.....| Awnless..| White..| Common Red 82.2 58.7 | 2108 
97003 | Bearded Rock...... | Bearded..| White..| Common Red ye Pe Fe 4] Bee 
61101. | Hungarian.......... Bearded... | White. | Common Red 25; '5° 1 G0..91)|" 1S. abebaey + 
60201 | Buda Pesth........ Bearded..| White..| Soft Red... 6123 | b7s8a Ser) ese 
1S: | Bene y wore cis sre oe 3% Bearded..| White..| Hard Red 74.5 66.7 4.8 o4 
61302 | Mealy....... ae Awnless..| White. Hard Red 23:8 70.0 15.6 83 
913802 | Harris. PPO, ow Bearded..| White..| Hard Red. 2OU2 61. 12.95 M% 
925806 | Stoner’s Miracle.....,| Bearded..| White..| Hard Red 67.5 61 12.76 
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PRODUCTION OF NEW VARIETIES BY CROSSING. 


Several wheats were crossed in 1906 at the Michigan Experiment 
Station. Two of the resulting new wheats are mentioned in Table I, 
under numbers 912402 and 9127038, of which the latter appears to be 
promising. 

During the past six years a large number of other varieties have been 
closely studied. Three varieties, (viz. Genesee Giant, Shepherd’s Per- 
fection and Berkley) have been picked out as superior bread makers. 
Seven varieties in Table I produce above 60% patent flour and are there- 
fore, good milling wheats. In considering winter hardiness, we find a 
half dozen wheats that have withstood the severe conditions of the past 
‘winter and are still good stands. Great differences among the varieties 
are also found in the yields, stiffness of straw and other characteristics. 


Fig. 5.—Crossing wheats. 


The best variety should combine a number of good traits. It 
should produce well, the straw should be stiff enough so as not to 
lodge in rainy seasons and it should be a winter hardy variety, more- 
over, it should be a good miller and its patent flour should produce 
good bread. Unfortunately, none of the Station wheats combine all of 
these qualities, therefore, a number of crosses were made during June, 
1912. The traits entering into the parentage of any cross should unite 
in every possible combination in the second year (1914) and from among 
these it is hoped to select strains possessing better combinations of 
characters. 

Among our highest yielding wheats, American Banner, (60101) has 
been selected as also being among the best resisters of winter conditions. 
This variety has been crossed with the best bread makers mentioned 
above and also three other wheats (viz. No’s 912703, 913802 and 925306) 
that are also hardy and appear to have superior quality. 

Berkley is our best variety considering the combination of winter 
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hardiness and high quality at the mill and in the oven. Its main defects 
are a weak straw and only a moderate yield. Besides American Banner, 
this wheat has been crossed with Early Windsor (60602), two strains 
of Shepherd’s Perfection, (61801 and 95201), Plymouth Rock (78605) 
Genesee Giant, (913302), Bearded Rock (97003) Canadian Hybrid and 
Craig’s Favorite (912703). These wheats all have stiffer straws than 
Berkley and ae iuae other desirable -qualities. 

Genesee Giant is our best bread maker among the pearl wheats. Be- 
sides the crosses with American Banner and Berkley, it has been crossed 
with Bearded Rock (97003), Harris (913802), Canadian Hybrid and 
Craig’s Favorite (912703). 

In all, twenty different crosses have been made during the month of 
June, making between 3,000 and 4,000 crossed flowers. 

Fig. 5, shows the actual work of crossing in progress. First the 
flower must be emasculated, that is, the anthers containing the pollen 
or male element, must be removed and pollen for fertilizing the flowers 
is obtained from the other variety of the two wheats being crossed. The 
cut shows the application of pollen by means of a small brush to’ the 
emasculated flowers. The heads that are wrapped in white cloth are 
finished. 


VARIETY TESTS. 


During the past six years the Experiment Station has dealt with 126 
varieties. of wheat. These wheats have all been more or less mixed 
when they came to the Station, but the mixtures in many of them have 
been isolated and tested out alongside of the purified original sorts. 
There are, doubtless, many more varieties throughout the state that are 
promising for this breeding work and should be. tested out in this way. 
However, many of Michigan’ s wheats are identical or nearly so, though 
known under different names. Again, a large number of varieties that 
are grown through the state are so low in milling quality as 
indicated by the softness of the grain, that it hardly seems worth while 
to add any more of them to the Station’s list. When a farmer has a 
wheat that is harder than the aver: age, and a good yielder on his farm, 
the Experiment Station would be glad to hear of it or receive a small 
sample as it may prove to excel others already obtained. 

None of the softer white wheats have been listed in Table II, as they 
are considered too poor in milling and baking qualities to be longer con- 
tinued in the work. In the column headed color and hardiness of grain, 
pearl stands for a white wheat, which has somewhat of a pearly appear- 
ance, is fairly hard, and as a rule is a good milling wheat. Red, stands 
for red wheats, which are equal to the pearl type in hardness. The soft 
red wheats are softer than the pearl. The hard red types compare fairly 
well with the western hard winter wheats. All types contain a small 
portion of yellow berry. 

Of the 300 selections which the Station has grown in 1912, most of 
those not represented in Table II have been tested in the larger plots 
for only one year, or are being grown in the small selection plots as vet. 
[t will also be noticed that half of the varieties that are listed are not 
being continued in 1912. An * indicates that the variety has been 
dropped. The reason for dropping these varieties has not been alto- 
gether the yield. The lowest yvielders have been dropped. Then in the 
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middle class, those of poor quality have been dropped out of the work 
to make room for the more promising. 


TABLE II. 
5 Description and yield of varieties tested. 
a 
s 3 
os Per Yield in bushels 
ad Names of cent. per acre. 
Sie wanleries. Bearded | Color | Color and eas 
= “ or of Hardness of : : 
F a | | “ 
o2 awnless. chaff. grain. | Js] oa! Pam = 
SE les] oe] . | ghd] 828 
=| | De} Som 4 Bo] AS 
28 SE Sh a Oem lie me 
a | ot eral on hee ede 
| | | 
} | | 
60602 | Early Windsor......... Awnless..| Red....} Pearl...... | 2 8 | 48.3 | 43. 40.1 
60101 | American Banner....... AWMIESSian |= Red aes) teeatl... . 25). 4 8 | 45.8) | 74988" | see 
60501 | *Early Ontario......... Awnless..| White..| Pearl....... 1 TN 4623 F409 37.8 
60401 | *Dawson’s Golden Chaff.) Awnless..| Red....| Pearl......| 10 | 7 | 44.8] 41.5 39.6 
78605 | Plymouth Rock........ AWHIESS)..0)]) SREGs. se), eaTle ./. 5. ./|) 7 6) }) 38-0" | "40:Onkioee 
8 | Genesee Giant.........| Bearded..| Red....| Pearl......| 1 5 | 45.4 | 39.7 36.7 
61801 | Shepherd’s Perfection...| Bearded..| Red....| Red.......) 1 9 | 45.9 | 39.: 39.2 
61001 | *Harvest Queen........ Awnless..| White..| Pearl......| 1 45 <A OGTR | POS era etee 
MSoOOIP PS GOMES =. oes oaks «ope Bearded.) -—Red?452|| Soft Red:...| 20 | 15) |: 44249) 37.7 |20k: 
SLO eunranan:..... wk cc. eee Bearded's* Red si! Red 7.........) (0 Ge SOe Ta esr SIe a. 
61201 | *Beechwood Hybrid....| Awnless..| Mixed..| Red.......| 3 31.4145) | 36.9 Son 
602017} sBuda Pesth. 22.2.2 22:).. Bearded..| White..| Soft Red...| 4 | 10 | 46.8 | 36.8 38.2 
faenuropeans 2. batt Bearded’... White..| Reds = ss...]) 8 | 10). 43e3ra5 73 34.1 
1S ba PRIS OLE C War etsiois). tases... share. e i Bearded..}| White..| Hard Red..!| 0O | 10 | 40.2 | 35.1 34.1 
GUS et eNledlyies.. roe ee Awnless..{ White..| Hard Red..| 3 4 | 42.4 | 34.9 33.6 
COSOISIE-Centtiny:....5 2. aie ee Awnless..; White..| Red....... SP oe moore doa 6 34.2 
TOOUSMESA WHlesssGOines.. .2r)-1.|' Awnless...|) Red=son|, Rede. .5..\) 1-| 14 e320) S357 Ne. .o2. 
PAS), 1 33d Wind PENS sete bso ee ets Bearded..| White..| Hard Red..| 6] 10 | 38.6 | 32.8 3a. 
40 | *Silver Queen.......... Bearded..| White..| Red....... 2.) Las Sleds | S24 31.6 
Alaler Babcock. ta... . .1.- | Bearded... Whites.|| Red=:s.5..| 3 OO) 735.1 S12 ol: 
l | 


*Dropped from work for 1912. 


MILLING AND BAKING TESTS. 


In the summer of 1910 the Station obtained an Allis-Chalmers mill 
with three pairs of rolls. Two pairs are corrugated and one is smooth. 
The coarsely corrugated rolls are used to take care of the first three 
breaks. The finer corrugated rolls finish the bran and shorts. The smooth 
rolls are used to complete the process of pulverizing the flour. The mill 
is fitted with a full set of bolting cloths so as to separate the products as 
desired. 

In the winter of 1910-1911, samples of all the Station’s wheats, then 
in the variety series, were ground into flour, only one grade being made 
from each wheat. Baking tests were made by the Domestic Science de- 
partment of the Michigan Agricultural College, a loaf being made from 
each flour, using the same amount of flour, sugar, salt, and yeast in each 
case. The kneading, rising and baking were as uniform as possible and 
the breads differed only in the amount of water needed to make the 
dough of the right consistency. Two such tests were made at the col- 
lege in the winter and the loaves exhibited at the State Corn Show. 
Two further tests were made at Columbus, Ohio, by the Domestic Science 
department of the Ohio State University and these were exhibited at 
the National Corn Exposition. Other tests were made at the college 
early in June, 1911, and the bread was exhibited at the National Associa- 
tion of Operative Millers in Detroit. 

25 
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From the data secured from these baking tests, it has been possible to 
eliminate six of the varieties of only medium yielding quality because of 
inferior baking qualities. 


TABLE ITI. 
Results of sais Tests on 1910 ish 


| 


= Michigan Ohio | 
DZ Agricultural State Average. * 
ca College. University. | 
> | 
o i aL Sel | 
/S Names of | | | 
o. varieties. = Ny eas ites * 
Fa soem, ic | saa | ; || Baa 
= eae! & 6 || msa | 831] 2) Boe | Soe 
£3 See) 381-9 |e 2 | 3° | 8 i) Soe jeacenee 
BS ot > | al] Foe | > mi Bom | > | @ 
Ss i | 
o 
DM | 
| | 
60602 ; Early Windsor.......... 593 | 1873 | || 592.6 | 2133 | 80 | 592.8 | 2003 82 
60101 American Banner........ 589 | 1744 | 74 || 581.8 | 2020 | 83 585.4 | 1882 78 
60501 | *Early Ontario......... 598 | 1631 | rit | 611.8 | 1796 | 62 |} 604.9 | 1713 66 
60401 | *Dawson’s Golden Chaff..| 578 | 1659 | 83 ! 618.9 | 2096 | 65 598.4 | 1877 74 
78605 | Plymouth Rock.......... 580 | 1688 | 82 597.1 | 2080 | 79 | 588.5 | 1884 80 
8 Genesee Giant. 582 | 1761 | 88 ||} 609.2 | 2285 | 92 |} 595.6 | 2023 90 
61801 | Shepherd’s Perfection. 588 | 1654 | 91 || 587.2 | 2354 | 93 || 587.6 | 2004 92 
61001 | *Harvest Queen......... 588 | $716 | 7 620.6 | 2180 | 75 |} 604.3 | 1948 73 
ODO Tee GOINESS 2 tse tork se ets Peeie 590 | 1706 | 85 621.4 | 2342 | 85 || 605.7 | 2024 85 
61201 | *Beechwood Hybrid..... 600 | 1716 | 69 || 611.0 | 2190 | 70 || 605.5 | 1953 69 
60201 i (Buda Pesth oe. -4.12.2 «5 o: 589 | 1829 | 80 || 603.9 | 2322 86 596.4 | 2075 83 
i) *Buropean' >... 1. See 586 | 1698 | 84 |} 591.9 | 2300 } 84 || 588.9 | 1999 84 
grge |Ple{-vd aly gaincy se eye inchs tee 588 | 1934 | 93 || 639.5 | 2392 | 95 |} 613.7 2163 94 
GISO2 4} (Meal yet, cass npetene creeds 576 | 1945 | 84 || 641.2 | 2350 | 83 || 608.6 | 2147 83 
60301 FCCNCULVES Sistas sie sss 576 | 1759 | 78 || 612.4 | 2449 | 75 || 594.2 | 2104 76 
78508 | *Awnless Goings........ 572 | 1826 | 82 || 609.1 2310 | 91 || 590.5 | 2068 86 
DSTA NE LUTREY. oe e cee rec Caren orate 567 | 1695 | 92 || 609.4 | 2284 | 91 || 588.2 | 1989 91 
40 | *Silver Queen........... | 576 | 1815 | 73 || 591.0 | 2170 | 75 || 583.5 | 1992 74 
BTW EB SDCOCK ioe acs helene rey, 579 | 1788 84 || 613.8 | 2265 | 84 |} 596.4 | 2026 84 
i | | { | 


*Dropped from work in 1912. 


The extremely low yielders which are to be found at the bottom of 
Table III were dropped because of their low yield in the field. Others 
were dropped for other reasons, for instance, the Goings (78501) lodges 
‘asily and usually has a fifth to a sixth of the plants effected with the 
loose smut. The European has a weak straw and is not a hardy winter 
variety. The remainder of the discarded varieties are below 75% on 
bread score. 

It will be noticed that the baking tests at M. A. C. and O. S. U. agree 
closely in score. Genesee NS iant (Ac. No. 8), Shepherd’s Pete 
(61801), and Berkley (Ac. No. 15), are the best bread producing wheats 
among the medium and sood vielders in the field. Turkey (Ac. No. 28) 
might have fallen into this class had it not been such a low yielder. The 
Berkley (Ac. No. 15), however, is a wheat of similar type but better in 
every way. 


MILLING TESTS OF WHEATS HARVESTED IN 1911. 


In February, 1912, milling tests were made with the different strains 
of wheat grown in 1911. The wheats were first scoured to remove the 
dust particles and the small hairs on the ends of the grains. In each | 
case a ten pound sample was taken after scouring. Then it was tempered 
with the amount of moisture considered necessary to toughen the bran. 
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It was allowed to stand in a closed dish until it was no longer wet to the 
touch. Just before grinding, the sample was weighed again to deter. 
mine the weight of water added. The yield of patent flour varied from 
43% to 70%. The poorer varieties in this respect are not listed in 
Table IV. Nevertheless the Table shows great differences in the milling 
qualities of the different types of wheat. 


TABLE IV. 
Results of milling tests on 1911 wheats. 
ae Percentage of Products. 
S ha 
So 
2 Names of | 
og varieties. Head Flour. 
Ba Toist- 
= = ecounes ure. Feed. ——| Loss. 
38 grain. | added. | | Tad 
2a Break. | Patent.| jnog. 
gs. 
nN | 
| =e 
60602 | Early Windsor......... 100 0.8 DX aor 4.0 64.9 | 4.1 mal 
60101 | American Banner....... 100 | 2 30.3 7.8 59.9 | Die | 0.5 
60401 | *Dawson’s Golden Chaff. 100 0.4 Sile2 See/ 60.9 4.0 0.6 
78605 Plymouth Rock. =: =... 100 0.9 2050 24. | 65.0 6.9 nial 
8 | Genesee Giant......... 100 1.4 SDE ase || 59.8 3.0 0.8 
61801 | Shepherd’s Perfection... 100 eet, 32.4 6.6 56a2: 516 0.9 
MeO ken ee GOMES: mck atcha ome ee © 100 1.4 30.3 9.6 56.4 | 4.2 0.9 
ile Ota uN Samay 6 oor oe oaeen eek 100 0.8 29.1 4.8 60.9 5.3 Or Zz 
6O200e | BuaGsa weesth: =: isc c el - 100 0.8 36.3 3.8 dace 2.9 0.5 
Get HULODEAM apes ces ey edars ae 100 1.8 Sou 350) 58.6 5.8 0.8 
aS 100 1.6 26.3 Pe 66.7 5.8 0.6 
61302 100 | Dies 23.9 4.4 70.0 ae 0.8 
60301 100 10 32).9 oe ts) 61.4 4.0 0.6 
Sea EVIE van crialietlesonp.« lene 100 0.8 28.1 6.0 62.5 Sor 0.5 


: *Dropped from work in 1912. Half of those marked with an * Tables II and III are also omitted 
ere. 


TABLE V. 
Relation of hardiness to milling quality. 
= Percentage of Products. 
o | 
Seal pees tt pe i 
= | 
Classes of Wheats. Ya | Flour. 
~_ | | 
3 | ae OF nel 
ee | | ; 
eee Bae hageneha, ieee fines 
° 3 E's és < = ia ; 
: ro ats Zs gS ey ae = A 
° SS | & Sc 
Zou oea |e SSH Uae lees Lp ea abs alae, all 
| isa 
Hard red wheats............ (CeetGa! HR: 100 Tesh: | 26a, Ae h 6Ged 1) aa 6 
Good quality pearl.......... LWW, coe 100 0.9 | 29.8 A062 6 142) 4) 8 
Oxdinary Ted. te 3 2 slo. sr neee 2a Rae.) 100 LSalpozes A al Doe 5.3. | 8 
Soft red wheat.............. GF) SH2e |)" 100 HS (P32.60) 1627 | 56-9)" 43) }e~ 936 
1 ' [ 


Each of the lines in Table V show the average of the milling tests on 
the type of wheat in question. These are arranged in the order of the 
production of patent flour. If the soft white wheats had been included. 
they doubtless would have produced the smallest average per cent of 
patent flour. The production of feed and also break flour decreased as 
the patent flour increased. These data indicate that the pearl wheats are 
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better in milling qualities than the ordinary red wheats although the 
latter are considered to be better bread producers. The hard red class 
of wheats is the best of all in milling qualities. There are, however, great 
differences between the varieties even in the same class. The Mealy, for 
instance, is an odd variety in the hard red class of wheats. It is a low 
yielder in the field because it is easily attacked by insects. It shows 
an exceptional yield of patent flour at the mill but the flour is dark 


in color and produces a poor, dark colored bread. 


TABLE VI. 
Analyses of wheats harvested in 1911. 


Percentage of constitutents. 


Selection 
or | 
Scoeecu is = : Se Ether Cea 
numbers. coure rotein sugars an iva rude 
wheat. Ni X57 other carbo- | ge oe fiber. Ash. Moisture. 
hydrates. | ee 
| 
60602 100 10.94 73.27 | 2.57 | prea a{ 0) | 1.74 8.98 
60101 100 11.80 73.03 2.60 |} 2.40 Le 8.45 
60401 100 12.43 | 71.44 276) | 2.90 | 1.86 8.61 
78605 100 12.48 | TAe5T. 1.95 2.75 1 AS 9.51 
8 100 12.48 71.48 2.36 2 85 13918 8.92 
61801 100 Loe (O\ Fey 2.45 20m: 1.95 8.59 
78501 100 14.25 70.11 2.09 2.79 l he 9.03 
61301 100 12.88 | flcpu 2.35 Pao 1.92 8.99 
60201 100 14.53 68.91 2.45 2.58 1.84 9.69 
ce 100 Lowe 70.17 2a 2212 1.91 9 14 
15 | 100 14 53 70.31 2538) | 2.42 | jee 8.66 
§1302 100 13.40 URRY 250 iS | 1.80 9.20 
60301 | 100 | 13.22 .-| 70.71 2-331 PAR} sy 1.93 9.24 
28 | 100 | 11.97 72 83 2.34 2.21 1.69 | 8.96 
| | if 


Table VI. shows the chemical analyses made on these wheats (Crop of 1911) by the Chemistry di- 
vision of the Experiment Station. 


SUMMARY. 


1. The wheats grown throughout the state include many varietias 
which are poorly adapted to the conditions under which they are grown 
as shown by the low yield, poor bread making qualities, lack of winter 
hardiness, tendency to lodge, ete. 

2. Pure varieties have been originated at the Experiment Station from 
single plants, found, as mixtures in old varieties. These types may have 
been carried accidentally from other fields or may have been produced 
from accidental crossing. 

3. At the Experiment Station hundreds of varieties or strains have 
been isolated and tested for yield, milling and baking qualities, hardiness, 
ete., with the idea of finding the best all round wheats for sending oui 
to the farmers of the state. 

4. Finding no existing variety with a high excellence in all the 
characteristics, the Experiment Station has attempted to produce better 
combinations of characters by means of crossing of the better types. 

5. In order to make the immense amount of work done at the Iex- 
periment Station in the breeding of wheats of much practical value to 
the farmers of the state, these improved wheats must be thoroughly 
tested in the different sections to learn their adaptability to the different 
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conditions. Plans have been perfected for the testing of these wheats 
on the farm and to increase in the hands of the farmer those varieties 
that prove to be valuable. 

6. The farmer can keep his wheat from “running out” by use of a 
fanning mill, by the proper care in threshing and by occasional selection 
of a few heads at harvest time to be planted in a seed plot. 

7. <A large number of the varieties may be classed as soft white and 
soft red wheats; they are apt to be yellow, yellow spotted or bleached in 
color. 

8. The best varieties among the white wheats have a clear pearly ap- 
pearance. The pearl wheats are apt to be good millers, usually better 
than the ordinary red wheats. 

9. The ordinary red wheats usually produce better bread than the 
pearl wheats. 

10. The best milling wheats and usually the best bread producers are 
found in the hard red wheats. These wheats, however, make only a 
medium yield per acre in this state. 

11. The best resisters to the winter conditions of 1911-1912 are the 
American Banner, Craig’s Favorite, Bearded Rock, Berkley, Harris, 
Stoner’s Miracle, Gypsy, Ohio 5309, White Eldorado, Awnless Berkley 
and Canadian Hybred. The first is a pearl wheat, the next two are 
common red wheats and the next three are hard red wheats. The Gypsy 
and the Ohio 5309 are soft red wheats. The White Eldorado is a spotted 
pearl and the last two are high grade red wheats. 

12. Among these better winter resisters, American Banner and Berk- 
ley are the only ones that have been tested long enough to report results. 
Some of the others may yet prove to be valuable wheats for Michigan. 
The American Banner is a high yielding wheat of medium good quality. 
It is the best white wheat that the Experiment Station can recommend 
to date. The Berkley is the best miller and best bread maker but has a 
weak straw and is only fair in yield. 

13. The Shepherd’s Perfection has been the Station’s highest yield- 
ing red wheat and is also among the best in bread making qualities but 
it does not take a high rank in winter resistance. The winter conditions 
during the past winter have, however, been more severe than have been 
experienced since 1885 and it may be said in favor of this wheat that it 
has survived the winter in good condition during all the other seasons 
it has been tested. While an attempt will be made to combine the good 
qualities of this wheat with the winter resistance of some of the other 
wheats, this variety is the best all-round red wheat for general recom- 
mendation to the farmers thus far discovered by the Experiment Station. 
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FERTILIZER ANALYSES. 
Bulletin No. 269. 


ANDREW J. PATTEN, WM. C. MARTI AND ARAO ITANO. 


The inspection and analyses of the commercial fertilizers offered for 
sale in Michigan are made under authority of an act of the Legislature 
approved March 10, 1885. The full text of the law is again printed 
since many inquiries are continually received concerning it. 

Section 1. The People of the State of Michigan enact, That any 
person or persons who shall sell or offer for sale in this State any com- 
mercial fertilizer, the retail price of which exceeds ten dollars per ton, 
shall affix on the outside of every package containing such fertilizer a 
plainly printed certificate, stating the number of net pounds therein; 
the name or trade mark under which such article is sold; the name of 
the manufacturer; the place of manufacture, and a chemical analysis, 
stating the percentage of nitrogen in an available form; of potash 
soluble in water and of phosphoric acid in available form (soluble or 
reverted) and the insoluble phosphoric acid. 

Sec. 2. Before any commercial fertilizer is sold or offered for sale, 
the manufacturer, importer or party who causes it to be sold or offered 
for sale within this State, shall file with the secretary of the State 
Board of Agriculture a certified copy of the analysis and certificate 
referred to in section one, and shall also deposit with said secretary a 
sealed glass jar containing not less than two pounds of such fertilizer, 
with an affidavit that it is a fair sample of the article thus to be sold 
or offered for sale. 

Sec. 3. The manufacturer, importer, or agent of any commercial fer- 
tilizer, the retail price of which exceeds ten dollars per ton as afore- 
said, shall pay annually to the secretary of the State Board of Agri- 
culture, on or before the first day of May, a license fee of twenty dollars 
for each and every brand of fertilizer he offers for sale in this State: 
Provided, That whenever the manufacturer or importer shall have paid 
this license fee his agents shall not be required to do so. 

Sec. 4. All such analyses of commercial fertilizers required by this 
act shall be made under the direction of the State Board of Agriculture 
and paid for out of the funds arising from the license fees provided for 
in section three. At least one analysis of each fertilizer shall be made 
annually. 

Sec. 5. The secretary of the State Board of Agriculture shall publish 
in his annual report a correct statement of all analyses made and certifi- 
cates filed in his office; together with a statement of all moneys received 
for license fees, and expended for analysis. Any surplus from license 
fees remaining on hand at the close of the fiscal year shall be placed 
to the credit of the experimental fund of said board. 

Sec. 6. Any person or persons who shall sell or offer for sale any 
commercial fertilizer in this State without first complying with the 
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provisions of sections one, two, and three of this act, or who shall 
attach or cause to be attached to any such package or fertilizer an 
analysis stating that it contains a larger percentage of any one or more 
of the constituents or ingredients named in section one of this act than 
it really does contain shall, upon conviction thereof, be fined not less 
than one hundred dollars for the first offense, and not less than three 
hundred dollars for every subsequent offense, and the offender shall 
also be liable for damages sustained by the purchaser of such fertilizer 
on account of such misrepresentation. 

Sec. 7. The State Board of Agriculture by any duly authorized agent 
is hereby authorized to select from any package of commercial fertilizer 
exposed for sale in this State, a quantity, not exceeding two pounds, 
for a sample, such sample to be used for the purposes of an official 
analysis and for comparison with the certificate filed with the secretary 
of the State Board of Agriculture and with the certificate affixed to the 
package on sale. 

Sec. 8. All suits for the recovery of fines under the provisions of this 
act shall be brought under the direction of the State Board of Agri- 
culture. 


LICENSED BRANDS. 


Twenty-seven manufacturers and fertilizer companies have licensed 
267 distinct brands for sale in the State during the season of 1912. 
The brands appearing in the following tables of analyses, and no others, 
can be legally sold. 

Parties manufacturing or importing fertilizers for their own use and 
not for sale are not affected by the restrictions of the law. 


COLLECTION OF SAMPLES. 


The sampling agents of the Station, during the months of April, May 
and June, drew 526 samples from dealers’ stocks representing 232 dif- 
ferent brands. The failure to get samples of 35 brands is due to the 
fact that many of them are sold only in the fall, then, too, a few com- 
panies sell direct to the consumer through the Grange and other organ- 
izations and consequently it is only by chance that samples of such 
goods are obtained. If persons ordering goods in this way wish to have 
them inspected they will protect themselves and at the same time confer 
a favor on this department by notifying us, and upon the arrival of 
the goods an inspector will be sent to draw samples. 

It is the desire of this department to make the inspection as complete 
as possible, and any information to further this end from dealer or con- 
sumer will be greatly appreciated. In all cases of failure to find a 
brand on the market, the analysis was made on the manufacturer’s 
sample as indicated in the tables of analyses. 


RESULTS OF INSPECTION. 


A study of the tables of analyses shows that, of the 298 samples 
analyzed, representing 267 brands, 27 (9%) are below guarantee* in 
one or more constituents. Ten (3.3%) are below guarantee in nitro- 
gen, 6 (2%) are below guarantee in available phosphoric acid, 1 (0.4%) 
is below guarantee in total phosphoric acid and 13 (4%) are below 
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guarantee in potash. Two (0.7%) are below guarantee in nitrogen and 
potash, 1 (0.6%) in potash and available phosphoric acid. 

While there are, as stated above, 27 samples falling below guarantee 
in one or more constituents, there is, however, only 1 (0.8%) that is 
more than 75 cents per ton below its guaranteed commercial value. This 
is a very satisfactory showing. 


SCHEDULE OF TRADE YALUES. 


In accordance with the custom adopted and followed in previous 
years, the following schedule of prices for determining the commercial 
valuation of a fertilizer is published: 


INTEPGS eH eters oh cars cae nee 17.8c per pound 
Potash’ ‘soluble in: ‘water. .i02 2% 242: 4t%oe * 3 
Available phosphoric acid ........ de Pe 34 
Total phosphoric acid in bone..... 4e 44 a 
Insoluble phosphoric acid in fertil- 

izers containing nitrogen....... 2¢ “* = 


In fertilizers containing no nitrogen no value is given to insoluble 
phosphoric acid. The valuation of a fertilizer is determined as follows:. 
The percentage or pounds per hundred of each ingredient (nitrogen, 
available phosphoric acid, insoluble phosphoric acid and potash) is mul- 
tiplied by 20, giving the number of pounds of each ingredient in a ton. 
These figures are then multiplied by their respective pound prices. 

In the last column of the table of analyses headed “Valuation” is 
given the commercial valuation of the samples, as guaranteed and as 
found, based upon the prices quoted above. 

In calculating the valuations we have assumed that the sources of 
the various ingredients: have been the same in all cases, which of course 
is not true and also unfair to the manufacturer using only high grade 
materials, as it places the manufacturer who uses low grade goods on 
the same level. Consequently it should be clearly understood that the 
Station valuation does not represent the proper retail cost of the fer- 
tilizer at the point of consumption. It does, however, represent the 
cash cost, at the larger fertilizer centers of the middle west, of an 
amount of nitrogen, available phosphoric acid and potash in unmixed, 
standard raw materials of good quality, corresponding to the amounts 
found in one ton of the fertilizer in question. 

The difference between the selling price and the Station valuation is 
represented by the cost of storing, grinding, bagging, hauling and 
freighting the goods, commissions to agents and dealers, bad debts, de- 
preciation of machinery, interest on investment, ete. The difference 
between the selling price and Station valuation should not exceed 35 
or 40 per cent. The Station valuations are useful to show whether a 
fertilizer is worth its guaranteed money value and purchasers will often 
find them of advantage in comparing the relative values of similar 
brands offered by different manufacturers. The commercial valuation 
of a fertilizer bears no relation to its agricultural value. The agricul- 
tural value is measured by the increased yield of crop due to its use. 

The great difference in fertilizers from the commercial as well as from 


*A shortage of more than 0.10 ed cent of nitrogen of more than U.20 per cent of available phos- 
phorie acid or potash is considerec 
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the agricultural standpoint lies in the quality of the materials supply- 
ing the nitrogen. The sources of phosphoric acid and potash, available 
for fertilizer use, are few and they are, fortunately, of good quality. 
On the other hand, the sources of nitrogen available for the fertilizer 
trade are many and of very variable quality. Since the nitrogen is 
much more costly than either the phosphoric acid or potash it will be 
readily seen that the quality of the nitrogen supplied in the mixed fer- 
tilizer becomes an important one. 

If it were possible to detect the materials used in compounding a fer- 
tilizer it would then be a simple matter to determine its worth but the 
process of manufacture is such as to make the identity of the materials 
very difficult, if not impossible. Consequently, the only safe advice, at 
the present time, that can be given to guide one in purchasing, is to 
always buy high grade fertilizers, because in compounding such fertil- 
izers only high grade materials can be used. On the other hand low 
grade materials are quite generally used in mixing low grade fertilizers. 

A comparison of the cost of plant food in the high and low grade 
fertilizers was published in Bulletin 252, which was distinctly in favor 
of the high grade fertilizer. 

Following are the names of the parties from whose stocks samples 
were drawn: 

Adair—C. P. Lipke. 

Addison—Louis & Vanile. 

Adrian—J. C. Van Doren, J. E. Bennett, H. Wellintz. 

Alma—J. M. Montigel. 

Amadore—Wm. Anderson. 

Applegate—Byron Kelly, Farmers Grain & Hay Co. 

Ashley—A. M. Derry & Son, Rockefellow Grain Co. 

Azalia—E. F. Cowper. 

Bad Axe—S. H. Pangborn, Jacob Sparling, Slack Bros. 

Bankers—Wm. Cole. 

Battle Creek—Robert Binder Estate. 

Bay City—F. C. Goodeyne, Mohr Hardware Co., Presley & Layer, 
Jenison Hardware Co., Bay City Hardware & Implement Co. 

Bay Port—A. Morse. 

Belleville—A. Jackson, Stephen Pearl. 

Benton Harbor—Cutler & Downing, B. M. Nowlen & Co. 

Birmingham—Smith Bros., H. B. Parks. 

Blissfield—W. A. Worthey, J. A. Mominee, Joe Rouget, F. L. Ganum, 
W. J. Uckele. 

Brown City—J. H. Linck. ; 

Butternut—Butternut Bean & Grain Co. 

Camden—Geo. L. Tanner. 

Capac—Lang Bros., L. R. Glassford. 

Carlton—L. J. Guiermann. 

Charlotte—Hertell & Martin. 

Clayton—E. H. Hutchins. 

Clinton—W. D. Vantuyl. 

Coldwater—A. J. Fiske, S. I. Treat & Son, E. Dunton. 

Coloma—G. R. Brown, I. G. Leedy, Coloma Hardware Co. 

Coopersville—Laug Bros. 

Covert—J. R. Spealman. 
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Croswell—W. Quale, Croswell Elevator Co., Sandusky Grain Co. 

Davison—E. G. Post, J. J. Berry, Hammond & Hathaway. 

Dearborn—S. Baldwin Estate, Chas. A. Kendt. 

Deckerville—J. C. Merriman, Cowan & Binkle. 

Deerfield—Frank Timmins. 

Detroit—Lohrman Seed Co. 

Dowagiac—Belton & Burch. 

Dundee—Michigan Milling Co., Dundee Mercantile Co., O. Silley. 

Durand—Durand Implement Co. 

Kast Saugatuck—Vos. Reinerd. 

Eaton Rapids—Frank KI. Ford. 

Farmington—V. G. Lockwood. 

Flint—J. P. Burroughs & Son. 

Galien—Swank & Dempsey. 

Grand Haven—Speidel & Swartz. 

Grand Rapids—Wm. Groen & Son, Grand Rapids Glue Co., Brown 
Seed Co., Jones Seed Co. 

Greenville—E. B. Slawson. 

Hand—J. H. Lang. 

Hartford—H. L. Gleason. 

Hastings—Edmonds Bros. 

Hillsdale—T. H. Eddy & Co. 

Holland—Mulder & Co., Henry Siersma, H. W. Harrington, Jobn 
Meeswesner. 

Howell—A. F. Bennett. 

Hudson—W. D. Rhead, Jack Dilton, Atherton & Garling. 

Hudsonville—Fred Yonker, C. Spoolman, B. T. Hughes. 

Hunters Creek—M. Caley. 

Ida—J. IE. Schnell, N. A. Weipert & Sons, Ida Hardware Co. 

Imlay City—B. Churchill. 

Inkster—Geo, C. Walker, McNutt & Moore. 


Ithaca—I. N. Cowdry, G. J. Coleman & Son, Ithaca Roller Mills, 8. J. 
MeWilliams. 
sackson—James Boland & Co., Isbell Seed Co. 


Kibbie—J. H. Myers & Son. 

Kingsland—Walter Halifax. 

Lake Odessa—Claude Carpenter. 

Lakeview—Rossman Bros. 

Lambs—Farmers Elevator Co. 

Lansing—Young Bros. & Daley, McKim & Longstreet, Dubois & 
Hughes, Briggs & Co. 

Lapeer—Turnbull Elevator Co. 

LaSalle—John S. Heck. 

Lawton—C. Dunham. 

Lenawee Junction—D. F. Rockwell. 

Lenox—Farmers Elevator Co. 

Leslie—Darling & Freeman. 

Lulu—Miles Elwood. 

Manchester—Lonier & Hoffer. 

Mason—John Bullen, A. J. Leonard, R. A. Osborn, J. E. Taylor, Dan 
Sears, 

Mayville—Phelps Bros., A. I. Hollenbeek. 
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Memphis—F. G. Coburn, Day & McCall. 
Middleville—K. J. McNaughton. 
Milan—A. G. Forsyth & Co. 
Monroe—Geckle & Martin, Monroe Hardware Co. 
Montgomery—George R. Pierce. 
Mt. Clemens—Wolf Bros., Clark & Hall. 
Muskegon—J. Stegink. 
New Boston—R. KE. Krause. 
New Buffalo—Siegmund Bros. 
Novi—W. E. Erwin. 
Nunica—J. D. Pickett, E. W. Hass. 
Petersburg—H. Logan & Son, C. N. Wadsworth, I. T. Thompson, J. 
West. 
Pewamo—M. J. Simon, Jas. W. Steel. 
Pigeon—E. Paul, Daepker Bros. 
Plymouth—W. S. Burch, James Gates, J. D. McLaren, G. C. Ravilier. 
Pontiac—E. Howland & Sons. 
Port Huron—McMorran Milling Co. 
Portland—A. C. Barnard. 
Quincy—Wm. A. Lott, Geo. Snyder, J. N. Boyer. 
Reading—A. L. Lane, Kellog & Young, Jackson & Field, W. M. Cahow. 
Redford—C. A. Lasher, Westlake Bros. 
Romeo—Bradley & Chubb, Romeo Milling & Elevator Co. 
Romulus—Dick Mewsom. 
Royal Oak—J. M. Lawson. 
Ruth—J. F. Schroeder, Bad Axe Grain Co., S. G. Gentner. 
Saginaw—H. W. Carr & Co., Jerome Bros. 
St. Clair—Recor & Smith, John Mau. 
St. Johns—John Wallace Sons Co. 
St. Louis—William G. Gibbs, St. Louis Hardware Co. 
Sebewaing—John Rummel, E. Grasmann, Myers Reidel & Co., J. C. 
Liken & Co., Krohn. 
Swartz Creek—A. C. Goodyear. 
Tecumseh—Clayton & Son, J. McIntyre. 
Temperance—R. W. Brunt. 
Ubly—Chas. Ewing, D. H. Pierce. 
Union City—A. D. Marsh, E. Worten. 
Vassar—Farmers Elevator Co. 
Vermontville—E. F. Tubbs, C. C. Hallenbeck, Vermontville Lumber 
Co. 
Verona Mills—Geo. H. Whitham. 
Vriesland—T. W. VanHaitsma. 
Wayne—E. H. Langworthy, Wayne Milling & Produce Co. 
Washington—J. F. Dernberger, R. Teeter. 
White Pigeon—G. D. Grossman. 
Woodland—J. S. Reisinger. 
Wyandotte—F. C. Koch, Fred Busch. 
Ypsilanti—O. E. Thompson & Son, M. Dawson, J. A. Minnich, [. Bb. 
Lefurge. 
Zeeland—Van Dyke & Co., Vanhoven & Vereeke Co., Nykamp Bros. 
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Laboratory 
number 


B02. | Banners ssolved (BONG ye 2 tere sy oeie rele atetn sarasota ate esc 
35465) Banner Bone, With Potaghy . oa <ni\y< scm .gete ee tee = 
$2284) (Beet Wertilizer... .cciec ace sep teoie» pete agtera se px tsi 
8028) DMOUb EMO PRereIZer ne. cyst eieo aote) ee orer eto ates Sterereterers 
3029) || Wine: Ground Bone x2). o,. tor siovs os steiso w' oreo 1615, iss 
3030 | High Grade Bone and Potash....................- 
3310 | High Grade Garden and Vegetable Fertilizer........ 
30337 || Maine Potato-Wormula:t.. .)mcstee ale pier aie tee 
3034 | M. & I. Special Manure............. by as esac one BIS Mies 
3196) | Michipan. Bean: Growers acne mcscsisin nicks wileidies eps ote 
3240 | Michigan 10 per cent Potash.............-..eee00: 
S050) | Muriateior POtaans << sjs,<cen1 wy oil nisvere cists toil oan patele’ © 
aves || Nitrateiol Soda... slows cates se 6 sleinte ete EN 
3035 | New. York State Special ........¢ <1. 254 «apes OF av pcm 


STATE BOARD OF AGRICULTURE. 


Results of analyses of commercial fertilizers for 


Trade name. 


American Agricultural Chemical Company, 
Detroit, Mich. 


Locality where sample 


was taken. 
DECTOW SS < Seet esac Claimed 
Found 
Manufacturer’s sample .| Claimed 
ound a 4.fen 
VABSAT o slosus ole tere aterarete Claimed 
Found 
Bankers sso h..< cee eet Claimed 
ound 7 eee 
Detroit:. ss. Ad.coe. eae Claimed 
Hound) >... 
Lenawee Jct; . 2. i... 2% Claimed 
ound 2275 
Belleville........ Siege Claimed 
Found 
|| Wpailanti:2524%A.5 ws Claimed 
ound 
Reading. 2. cate eee Claimed 
Found..... 
VASSAR: 4) 4 iic tac eee viele Claimed 
| Found 
| = 
Eaton Rapids......... Claimed 
Found..... 
Detroit. . stewie: eres Claimed 
Found... 
DELO bes sds: vsréieregl« See Claimed.... 
Found..... 
Montgomery........-. Claimed.... 
Found 


EXPERIMENT STATION 


1912, expressed in parts per one hundred. 


Nitrogen. 


Total. 


1.40 


1.80 


1.88 


to 
cS 
~] 


1.68 


0.98 


20 
22.67 


11 
12.55 


12 
14.35 


20 
18.50 


12 
13.25 


10 
10.60 


10 
10.68 


10 
11.55 


10. 
10.60 


15.70 


.23 


Phosphoric Acid. 


_Insoluble. 


Available. 


34 
34.60 


24 


10 
12.05 


11.38 


10.25 


lor) 
bo 
oS 


BULLETINS. 


Potash. 


bo 


.30 


10 


10 
11.67 


49 
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Valuation. 


14 
17 


42 
74 
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Results of analyses of commercial fertilizers for 


Bees 
oo 
EE Trade name. Locality where sample 
os was taken. 
25 
3 
| 
American Agricultural Chemical Co.—Con. | 
3036 | Special Pea and Truck Grower................e%:> WAVNC, cc .08 inte ie oe Claimed... . 
Ounds ==. 
| 
SU9% lUuBradley.s Acid Pospuate< <2 sirens « sdiere want chetcess ees 2 COVE USS: hs crs tte eee Claimed. . 
Found’ 2.440 
3263 | Bradley’s Alkaline Bone Potash.........4....24...... Po AINA OLE ie» date srajenes og Claimed.... 
Found 
3198 | Bradley’s B. D. Sea Fowl Guano.................- Hudsonville: .. ..0 d02. 0x Claimed.... 
Pounds 
3039 | Bradley’s Dissolved Bone and Potash.............. MOnTOC: 4200 wfc Claimed.... 
Found)>-taas 
3173 | Bradley’s Niagara Phosphate..................... RUG ote spate steer ee Claimed... . 
Found..... 
3200 | Bradley’s Soluble Dissolved Bone.................- udsonvalle sso) asisain <i Claimed... . 
: : Found..... 
3201 | Bradley’s Special Potash Fertilizer................. Covert). om cases ome os Claimed... . 
Gund :.9.. 
3241 | Crocker’s Ammoniated Wheat and Corn Phosphate. .| Farmington........... ES Ene 
oun 
3040 | Crocker’s Dissolved Bone and Potash.............. Montgomery.......... Claimed.... 
Found) an 
3041 | Crocker’s General Crop Phosphate................. Lenawee Jct.......... Claimed.... 
Found..... 
3042 | Crocker’s New Rival Ammoniated Superphosphate...| Belleville............. Claimed.... 
‘ Found . 
3043 | Crocker’s Universal Grain Grower................. Belleville? sca s< 8 sures Claimed... . 
ound)... 6 
38045 | Homestead Bean Fertilizer... ...5.00..ccsacercess Quilcyes.. ac ee eee ss Claimed.... 
Found..... 
3311 | Homestead Bean Fertilizer: .........c22ccceseeece Middleville... < 2x0. «.-- Claimed.... 
Found . 
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1912, expressed in parts per one hundred, 


Phosphoric Acid. 
Nitrogen, ee Potash. Valuation. 
Total. Insoluble. Available. 
2.47 fe Are UN einetenra iin 9 2 $20 40 
Oe fl 12.20 LRCALL 10.43 2-50 23 O04 
POSER ac 0G RETRO 12 Peete ioe) sts o55 too 10 Pete! STATA ROTOR 10 00 
yea teesioresctarets: 2 Is, 20 2.80 10.45 Reon rd aye 10 45 
Pare Watanabe sie. nites 12 LOS ORAS Cie MeD ES 10 7 11 80 
CE BRCRRCID) CETERA 13.90 1.35 12 55 2.28 14 60 
2.06 NO Ge, CRM lth Wr anuetetss «eee 8 350 17 49 
2°.22 11.50 1.62 9.88 1.74 20 00 
i303: NOR ase nace Pct Ein a torr 8 2 14 27 
1.08 11.93 Loi 10.21 2.46 16 96 
0.82 OR ite NE itt he occa Us 1 11 62 
1.04 10.40 1.62 8.78 1.46 14 44 
Ree eae ets, anak scat 16 Lee APY Sa iege teste, ¢ 14 MO RR Cae Cre 14 00 
5 Ctn.o o Bere 18.50 PRO) 15.80 Ey Nayak eee, 2 15 80 
0.82 UGE pies ac hoe Series feat, Gedo 8 3 14 42 
0.93 10.95 1.67 9.28 3-39 ioait 
| eee 
2.06 10 Hoole he eth De cece pe 4 8 1.50 17 49 
De, LORS | 1.07 9.68 1.93 LO a5: 
SNEED i2.- 5c eechs «Sie eso aus 1 PANS ee Cae Ey EET 10 2 11 80 
Soren oononono: 1P2E7/83 Ta We 10.61 2.45 12 82 
i 
0.82 Ope hates etre ects 7 1 11 62 
Lean , 10.35 2.10 8225 1.40 14 45 
. 
23 Ee eT Sete ae renee 9 2 15 98 
1:45 12.35 2.15 10.20 2.42 18 40 
0.82 Fai "eas emdlt Siagerets cvs ois cuc noes 8 2 12 52 
> 1201 11.45 1.37 10.08 PIES} 16 37 
1.65 (Gre ee pike hs Serenn esa cee 8 3 LTS, 
1.74 TORS: 1.00 9.75 2.97 19 02 
1.65 NOl a oi- Spee Fits ate 8 3 Ain, 
2a? 11.25 0.64 10.61 3.26 2135 
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Results of analyses of commercial fertilizers for 


ye | 
ss 
fe Trade name. Locality where sample 
os was taken. | 
25 
| 
American Agricultural Chemical Co.—Con. 
3242 | Homestead Best Potato Fertilizer................. Union: City... s2523. Claimed... 
Found 24 a0 
3046 | Homestead Bone Black Fertilizer.................. Middlewilleay . oes. e Claimed... 
4 Found. 2 os 
3047 | Homestead High Grade Garden and Vegetable | Hastings............. Claimed.... 
Fertilizer. Found..... 
3032 | Homestead High Potash Phosphate................ Woodlands) wn..se2 2. Claimed 
Found). . = ss 
3048 : Homestead M. and I. Fertilizer.................... Middleville........... Claimed 
Found 2222. 
3277 | Homestead Pea and Truck Fertilizer............... Manufacturer’s sample. oe a 
ound. 
3229 | Homestead Special Beet Fertilizer................. PIgeOR...: cc sae Gee Claimed... . 
. Found.. 
3049 | Homestead Sugar Beet Fertilizer.................. RoyaliOakina scenes + Claimed.... 
Found..... 
3050 | Homestead 10 per cent Potash Manure............. Hastings jin.catuerere Claimed.... 
Found... eer 
3051 | Homestead Ten Ten Special Compound............| Reading.............. Claimed.... 
Found..... 
3044) | JA=1 (Potash -Werelizer...:< sicscccerscciete, ores fe a0 0s, HOE be)s Elastingsh <1. sccwe ei. Claimed.... 
a Found 
3052 | Red Line Complete Manure..............0ss0see0%- Reqglord sh ices 4 hans ee: Claimed.... 
: Found 
\ 
o2025)| edebane PHOSPHALE ssc sexta aclete cslaieisio ns alee ates es Variesland: > ...6.. 55.5%. Claimed.... 
Found..... 
3053 | Red Line Phosphate With Potash................. Woodland. \eecses.eh: Claimed.... 
Found 
8208: | ‘Wolverine Phosphidte: .o.c'aci. ee pale eds couse ee HoUsanG .455..1 ssita se = Claimed.... 


Found’: «3.6 
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1912, expressed in parts per one hundred, 


Phosphoric Acid. 
Nitrogen. - Potash. Valuation. 
Total. Insoluble. Available. 

65 ORS eS See ee terece ei tegawiact 8 10 $23 67 
DL Ts} 10.15 0.92 9.23 11.14 25 79 
2.06 LOM eo ealivrats as senrevea ote 8 1.50 17 49 
2.29 11.60 2.87 8.73 1.95 19 80 
1.65 OM eee Sie dt cos a eres ot 8 5 19 17 
1.80 1055) 1b $5) 9.20 5.18 20 81 
Sip cay GROMER 12 Seabee Bere teccrairneA 10 is 14.50 
Riansyshoters oS the eneters MS eT (e) 1.95 11.80 5.36 16 62 
2.47 (Oompa seedlatie, Teen t| haoteis Pear ea res 8 6 23 00 
2.54 11255 1.47 10.08 6.39 25 47 
2.47 Eo Ue a ll eo mall | rae Eee eee SESS 9 2 20 40 
2.82 12.50 1.48 P02 eli 24 02 
1.65 HOP ase Meh Ms sects coraeree 8 5 19 17 
1.84 10.90 125 9.65 5.46 21 61 
1y52233 OUP ig te [her eee ie tak ove chews, in 9 2 15 98 
lighy- 13.30 2.62 10.74 2.24 19 23 
0.82 CO a a5 mel nie eet este 5 10 Li 2 
1.00 7.80 3 PA 6253 10.80 20 32 
Bicieret.  s oneseweWedors 12 Peat sc Sra triane ene er yas 10 10 19.00 
eee es ae ecetern 13.55 2.85 10.70 10.14 19 83 
0.82 OR ee | BAS ere eciotecne 8 3 14 42 
1-02 Lis 20 2.00 9.20 3.19 16 50 
0.82 ld Gs. th ian tue os ee 7 | 1 | 11 62 
1228 11.20 red, 9.03 1.30 15) 63 
BRchebec sis e (osictsy siiTae 16 Diohelshshes Meera ke 14 anes ae atone oue 14 00 
Ot. tic, 0 RCE 25) 2.95 14.30 OPIS ROR Ce Oe 14 30 
Sp Eee Re ae | 12 Pei gnert as cit ae LO 2 11 80 
Once RRC TM 13.30 2.40 10.90 2.07 T2576 
So SCs eae 12 On tas erate 10 Shots Gee 10 00 
3.6. yo Be NOIRE totes 12.95 2.62 10.33 Sis¥ana nie shakens susyene 10 33 


Laboratory | 
number. 


3243 


3174 


3244 


3175 


3278 


3057 


3204 


3312 


3058 


3059 


3060 


3230 
3054 
3055 
3056 


STATE BOARD OF AGRICULTURE. 


Trade name. 


American Agricultural Chemical Co. —Con. 


Niagara Dissolved Bone and Potash............... 


Niagara Grain and Grass Grower...............2:- 


Niagara Potato and Vegetable Fertilizer............ 


Niagara Wheat and Corn Producer................ 


Horse Shoe Acidulated Bone and Potash............ 


Horse Shoe Animal Bone Manure.:................ 


Horse Shoe BeantSpeciall: sieroii- «01.4 ciere- evclavstaiarete is 


Horse Shoe Bone and Potash.....................- 


Horse Shoe Corn and Wheat Grower............... 


Horse Shoe Garden City Superphosphate........... 


Horse Shoe Half Potash Fertilizer................. 


Horse Shoe Half Potash Fertilizer................. 


Horse Shoe High Grade Vegetable Fertilizer........ 


Horse Shoe Maine Potato Fertilizer................ 


Horse Shoe, Potash: Manure. 27.,0<.d0cls c cssio he tear 


Results of analyses of commercial fertilizers for 


Locality where sample 


was taken. 
AGAR x arctd acted horareet | Claimed. 2s.) 
Rounds, soe 
RROMECON cctiite scm ced oe | Claimed.... 
Found. see 
DarSallea. ott. csr ak Claimed. :.. 
Hound=\.ene 
= = 
Washington........... | Claimed.... 
Found: ce 
Manufacturer’s sample .| Claimed.... 
| Hound = see 
Teapeerie si. save ann erateimate Claimed... . 
Found..... 
BISSHEIA!:. 5 yo, <c0se.2voxsse ns Claimed... . 
Mound ~ tee 
i C6 Ce Re ark | Claimed.... 
Pounds. coe 
A GTIAM raven cit site erence | Claimed... 
} Round). <4 
Way Riz: hence Claimed 
Found 
Brow! City. sere ie <r Claimed... . 
Found..... 
Greenvill@ 30.4 cia sen cle Claimed 
Found 
IBVISSHOLG ors cve..c ede ete on sets Claimed... . 
Foung.. o.. 
IWBY DOs oats sam Weed otis Claimed.... 
Found 
Adrian...... Claimed 


Nitrogen. 


2 
0.97 


ho 
j=) 
or) 


2.13 
3 
pt 
ketal 
0.95 


1.81 


2.02 


bo 
S 
ior) 


1.95 


sot 


EXPERIMENT STATION BULLETINS. 211 
1912, expressed in parts per one hundred.—Con. 
Phosphorie Acid. 
Potash. Valuation. 
Total. Insoluble. Available. 

Le meet ulrety cise Cisenwie ma 10 Z $11 80 
12.70 ane 10.48 2.20 12 46 

OE ee BOS ihePevar tis, oxesahah Sone ne 7 1 11 62 
10.385 1.65 8.70 1.29 13 98 

HOSS Roe. cpl etatensiovatete os ctnse 8 3 18 83 
10.65 1.10 9.55 3.47 20 69 

1 Ue Ea Le Oe eg ris 9 2 15 98 
13.00 1.90 WeAo 2)..32 18 93 

2 cera Ml ttette ns wre eee 10 1 14 62 
15.20 Selly) 12.03 1:30 18 42 

ON as ob Ube ete ot ssecsr etn ncess i il 11 62 
IPAS Av) 70) 11.00 1226 16 19 

TOW Seen thet | ietestes e okechanere es 8 3 LEST 
TORO) 2.79 9.35 3.90 20 40 

Dene eet eee © Ata crevesccals 10 2 11 80 
13.30 2.40 10.90 2.00 12 70 
LOS Ce ew Whiirctae. hove saee ec 8 2 16 47 
12-35 2532 10.03 2.31 20 23 

LOR me Sistecar cots. Pk 8 1.50 17 49 
PAE) 2.67 9.68 1.66 20 50 
ep ae 

Dea oe | lie kee eh ee 10 10 19 00 
13.00 WEBLO) | 11.70 9.12 19 91 

Ge Petes eet es eee 10 10 19 00 
12.95 1.48 11.47 10.30 20 74 

LO late ok tiles e mrauseacheohre 8 5 19 17 
12.00 2.20 9.75 5.26 22 32 

Oise Mt ace Pe PEE warscsy cee ohne 8 10 23 67 
1g 3%) 1.47 9.88 10.99 20 UG 

TO Se Por De haere foci eye kl eee 8 3 14 42 
11.43 1.75 9.68 3.13 17 29 


212 STATE BOARD OF AGRICULTURE. 


Results of analyses of commercial fertilizers for 


Trade name. Locality where sample 
was taken. 


Laboratory 
number 


American Agricultural Chemical Co.—Con. 


3176 | Horse Shoe Quick Acting Phosphate............... UBL Y sein ete haere Sete Se Claimed... . 
Found); see 
3061 | Horse Shoe Special Onion and Vegetable Manure....| Mason............... Claimed.... 
Found si. 
3062 | Horse Shoe Square Deal Phosphate................ 10 F: Wane ea age ee eS Claimed... . 
Found.: <2 
3063 | Horse Shoe Sugar Beet Fertilizer.................. Mason. 2oe c. coracis te Claimed... 
Found: - 32: 
3205 ! Horse Shoe 3-8-6 Fertilizer................-.--25: Brown City... 2/028 Claimed.... 
. Found: . <<. 
3064 | Horse Shoe 10-5 Potash Manure................... WWRYTIG: Scorers eke ote ats Claimed.... 
Found..... 
3065 | Boar’s Head Corn and, Wheat Grower.............. Wyandottes.< <2... .: Claimed.... 
‘| Found..... 
3177 | Boar’s Head Dissolved Phosphate and Potash....... FOUGD:. espe cretvne ee Claimed. ... 
} Found s.2 
3066 | Boar’s Head Faultless Grain Grower............... Wyandotte... .. 7... Claimed... . 
Round. 22 
3313 | Boar’s Head Faultless Grain Grower............... RUG Sats sratens tee oe Claimed.... 
Found >. ..2. 
3276 | Boar’s Head Gilt Edge Phosphate......... Pocsueict ac | Kingsland............ Claimed... . 
Found..... 
3067 | Boar’s Head High Grade Vegetable Fertilizer....... Wyandotte... 5 /e.5i008 Claimed... . 
| Found 
| 
3206 | Boar’s Head Potash Phosphate Fertilizer........... \WApDlERate te... melts clone Claimed... . 
Found..... 
3314 | Boar’s Head Potash Phosphate Fertilizer........... RAIMA. oc, « 2 hocinte cae Claimed 
Found..... 
3207 | Boar’s Head Soluble Phosphate................... Applegate sco. .\s sas vie neta 
ound Fy .).: 


ee ee 


EXPERIMENT STATION 


1912, expressed in parts per one hundred.—Con. 


Nitrogen. 


1.05 


1.54 


2.49 


eri Ce 


1.04 


Total. 


12 


16 


11 


10 


12 


10 


12 


16 
° 


10 


12 


12 


13. 


18. 


13. 


10. 


11 


13. 


10. 


10. 


18. 


11 


12. 


13. 


13. 


00 


90 


.85 


.70 


50 


50 


55 


55 


.50 


80 


30 


95 


Phosphorie Acid. 


Insoluble. 


BULLETINS. 213 
Potash. Valuation. 
| Available. 

eat Se a ee a $10 00 
Teles Wesel llotercnrtints tskc ae 11 13 
18) 10 Li 72 
6.05 10.82 20 21 
1 A aa | eels nn Pea are 14 00 
ARGS olen cve cert aceaer ce 14 68 
9 2.00 15.98 
10.20 2.05 18 65 
8 6 23 00 
9.90 6.17 ey aaa | 
10 5 14 50 
10.70 Seat 1571 
8 2 16 47 
9.95 2.36 19 07 
10 2 11 80 
TTEO3 2.41 13 20 
Us 1 11 62 
8.63 1.40 14 34 
7 a 1s (62, 
8.75 154 15 24 
He Yeh Rael eateee REL ee ere wise 14 00 
Ae t an toter cc rete teen 17 25 

8 5 19 1 
9.35 5.40 21. OF 
10 5 14 50 
10.43 5.34 15 24 
10 5) 14 50 
10.94 5213 16 10 
iO eon eee uh linia chssoituc espera 10 00 
FO BAS eves en ee te 11 70 


214 STATE BOARD OF AGRICULTURE. 


Results of analyses of commercial fertilizers for 


Trade name. Locality where sample 
was taken. 


Laboratory 
number 


American Agricultural Chemical Co.—Con. 


Pound. =. 2s 


3231 , Boar’s Head Sugar Beet Grower...............-.-- lwDAVISON.. ek < ccteeet Claimed.... 
Found): oye 
3232 | Boar’s Head Sure Growth Potash Manure........... AVI Gar x ole apeve were resorts Claimed.... 
Round. see 
3233 | Boar’s Head 10 per cent Potash Composition........ DAVISONG tis ose ee Claimed... . 
Wound) 52. 
3279 | Boar’s Head World of Good Superphosphate........ Portland errs. ees Claimed.... 
Found. 7. 
American Fertilizer Company, Chicago, Ill. 
3068 | Union Brand Complete Crop Grower............... YWipsilamtis 5. csaes 16 oce,52 aes ey: 
Yoprbits Me, 
| 
3315 | Union Brand Complete Crop Grower............... IPontiae@h 1 ee eee Claimed... . 
Pound... . ots 
3069 | Union Brand Corn and General Crop Grower........ SAGINAW. vo sisc.n. soc eee Claimed... . 
Round: eee 
3316 | Union Brand Corn and General Crop Grower........ Pontisiey nts, n1 cesses Claimed. ... 
| Found’. 2a 
3070 | Union Brand Dissolved Bone and Potash........... ISUIGE OIA Gomes Shee Claimed.... 
Found”. =. 
3178 | Union Brand General Cropper.............-......--- Bad AKC: eleere ra stare Claimed... . 
Found. . 
a>. em 
3234 | Union Brand High Grade Acid Phosphate.......... BBY POT so cccye ote tol ota ale Claimed... . 
Found..... 
3071 | Union Brand Gardeners Favorite.................. Bay City... iso ccewieceee Claimed... . 
* | Found), . <:. 
3179 | Union Brand High Grade Celery and General Trucker.| Deckerville........... a ee 
POUNCs = ses 
3072 | Union Brand High Grade Phosphate and Potash. ...| Tecumseh............ Claimed... . 


EXPERIMENT STATION 


1912, expressed in parts per one hundred.—Con. 


BULLETINS. 


Nitrogen. 
Total. Insoluble. 
eel My EEL WU aterasats) sie uata viele faths 
1.36 12.65 22Lo 
0.82 LQ) MraraNehralsds iene, eyerete ce 
1.02 10.60 1.42 
0.82 ie aT Ae el aney cs seretetersee shar 
0.94 7.80 1.30 
2.06 NO) agitate = 2 We I Reach Rather carts title 
Dei LO s¢5 ORT 
Ifateyo. fo" lake epee Bea oageneeene 1.50 
2.26 11.45 3.40 
Upasts l= 0.2 ~ Vl Seckenemid ech oeic Bie 150 
1.63 11.00 2.74 
(OS) My Wall lees es carcass 1 
0.97 10.60 Onw5 
ONS 2p eel. arse eee 1 
al 10.50 0.90 
(O10). SRY Net Stopes neneka aeerre 1 
0.84 14.65 1.70 
(Deters «Tel i Ske ememertisrcuntenrectn 1 
0.94 10.55 2320 
2G i5r¢ ERE ee bate eee eee 1 
EC Se ee 17.75 1eSo 
SOs ey onl costae ohaia Hen oat 2 
3.54 12.30 4.15 
ORS ZR ciecccrsns creases ee 1 
.86 7.85 1.32 
OPES, ua nepetisbere ro%e, col (ti siead: avahaiene aces eeare 1 
Ant NM RS eet 13.20 155) 


Phosphoric Acid. 


10 


14 


9 


19 


10. 


10 


12. 


15. 


bile 


Available. 


50 


18 


-50 


.58 


.05 


26 


-85 


.60 


95 


90 


15 


53 


Potash. 


iw) 
to 


.28 


10 
10.70 


te eal 


to 


10 
10.98 


10 
11.34 


215 


Valuation. 


$15 98 


14 92 


216 


STATE BOARD OF AGRICULTURE. 


Laboratory 
number 


3317 


3073 


3337 


3078 


3075 


3076 


Trade name. 


American Fertilizer Co., Chicago, Ill.—Con. 


Union Brand High Grade Phosphate and Potash. . 

Union Brand High Grade Sugar Beet Grower....... 
Union Brand Kine's Wavoritesiac< epee ots wisve vole eters 
Union Brand King’s Favorite @ SCT NOEs RO ee 
Union Brand Pure Bone Meal...-.-........-.....- 
Union Brand Pure Bone Meal and Potash.......... 
Union Brand Onion, Potato and Tobacco Grower.... 
Union Brand Onion, Potato and Tobacco Grower.... 
Union Brand Onion, Potato and Tobacco Grower.... 


Union Brand Steamed Bone Meal................. 


Armour Fertilizer Works, Chicago, Il. 


7-14 GES 0} (5110) (ce ane ee eee eo ORCA SCE aA, re 


ZUG) Ee Repi eer cn SOAR on Oo boay te Oe oeon Sot 


Ammoniated Bone with Potash................... 


} Anmour's Bone Meal... +1. 46 see ee ee ene 


Locality where sample 
was taken. 


Results of analyses of commercial fertilizers for 


AAC oon sro nate to cba tone Claimed 
Found..... 
Bay Cityia cas gente oe oo Claimed 
‘ound!> 
PY DSUARHLE wciciecerscnore thane Claimed 
Found 
Capae®. s..iecyr ein aces Claimed 
Found). 4:2 
MAUGSON is, oh cttere, ve oe Claimed 
Found S2-< 
Tecumseh.” ... osc aee Claimed 
oun 
SASINAW. =e. ose seen Claimed.... 
Found 
Tecumsehs . scs..- ses Claimed.... 
Found 
POUR Cr pect ereteretorece aes Claimed 
Found. .\.2- 
Bay City 22\.c seco: Claimed 
Found 
Coloma. << << '2 Bericisdows Claimed.... 
| Found: ..s. 
Bay City..6 ersten eae Claimed. ... 
Found..... 
Camadens ooxwcncm comics Claimed 
RGRRG ic 2e 
ADSI Pore teas eee Claimed 


EXPERIMENT STATION BULLETINS. 


1912, expressed in parts per one hundred.—Con. 


Nitrogen. 


1.08 


01 


ho 
a) 
o 


2.60 


uberis’ 


1.43 


to 
ie,2) 
wa 


2.89 


2.51 


Total. 


65 


.50 


-10 


27 


28.10 


Phosphoric Acid. 


Insoluble. 


i) 


.08 


3.20 


1.04 


1.46 


f=) 
o 
o: 


Available. 


10 


10.02 


10.06 


217 


Potash. 


Valuation. 


STATE BOARD OF AGRICULTURE. 


to 
- 
nr 


Results of analyses of commercial fertilizers for 


Py: 
iS oa 
SE Trade name. Locality where sample 
os was taken. 
2a 
he 
Armour Fertilizer Works, Chicago, Ill.—Con. 
BOS2 ch -ArmGurs Stanaard:.c..2 .s.e os chal ee etete oterermtala eine ot Lake Odessa.......... Claimed... . 
Found). sce 
S0San| Banner Brand yi oecenrt <b iit cet ie watece nee Lake Odessa.......... | Claimed... . 
| Found... ..3 
3084s| ‘Bone; Blood and Potashisc- bien cece erleyep Neils anayers, ote SAPINAW. (05 carey. le eee ones Claimed... . 
Bound. 2iee 
OSIM OTOP GLO Web tates a erekt ax face fol ct tol shel aie ste) <i cre.siotekcp Morse LANSING o:s4/sisye vec eee e Claimed 
Ound= fae 
SS20F le COrop, GIO WEL per catonss ots oir tote |e eteuinie. «14 earisgne eeceemdsre es Dt: PL OUISt:. 1 eas Claimed.... 
Found 
S086.) Fruit and ‘Root (Crop/Special’. svc <6. ens Secs @ onels 5 Quiney..c a6, sae ces Claimed.... 
Fourid’> = hee 
earn | tGrPeINl GIO WED ay ace, vreceie a orottl oleic aeerctcasic yeh e's woleistsas/ cco Bansng.).'s crise eee svc Claimed... . 
Found. 230, 
SO08S8a) <Ehiph’ Grade Potato: cscs, ce sisi: © ole ore lacs oieie ld siete Quincey 4. cosas cee Claimed... . 
Found..... 
> 
Booor | MEP HY Grade POtatOl <6 sac » rot eve, etorsceasts yas! oterere ane aye PIE CON Ss = fe wel peeeaws ore Claimed.... 
Found..... 
o250))| Mixed Boneiand Potash yes 2 ois, screiotew «vie cisiaronctersice | Manufacturer’s sample.| Claimed.... 
Found .< 22 
SLOS a MMUTMALCLOL (POLAR, acteteres © vic: waleieievwosucisieye estas sePorehence INDICE ce ah eieie's ainarens Claimed... . 
Found 
BILBO Ee NOSpPNAte ATC a OtASEtn avai cto) sa) setalcew est e\eieis get eae! san eins Coopersville........... Claimed.... 
Found 
BESS, \PLOLAS MC ETNCKE? oc. eas stoi oe Tt oes arate wiatece Manufacturer’s Sample.) Claimed.... 
WOUNG J 2a 
3090 | Soluble Phosphate and Potash.................... Sacinaw. jee 2 seine Claimed... . 
Found..... 
e246. (- Star PHOspHate, . sofas vc tw pieces Ges rey ms ok akererate Camdens.so- neers Claimed... . 
Pound: S255 


EXPERIMENT STATION BULLETINS. 


1912, expressed in parts per one hundred,—Con. 


Phosphoric Acid. 
Nitrogen. — - Potash. 
Total. Insoluble. Available. 

ORS2 ee of la0n eacc ape ten 0.50 8 3 
OL 9.90 1365 8.25 3.20 

Mem ere etter cvellishe iets hie -aue 0.50 10 8 
Het MEMES 3 eae Aen 13205 E62 11.43 8.25 

Cle The A 8 eer eee 8 0.50 8 Uf 
4.04 10.80 Pea 9.43 7.95 

iM A Be 2) ene le ree oe 0.50 8 2 
1.26 9.95 1.54 8.41 2.01 

1 eT eB IS cone crei secon eme ce 0.50 8 2 
1.28 9.75 1.44 8.31 2.11 

NPG De a seins pee teee eee ok 0.50 8 5 
1.81 10.45 1.70 8.75 5.68 

ME GSM whale ad Secrest euke ne ot 0.50 8 2 
a7 76 10.50 Loe 8.93 2202 

1 SYS) AN) ll | ee ae 0.50 8 10 
Levis 9.80 1.16 8.64 10.79 

EG Dar eee cee tbe. 0.50 8 10 
1.74 9.65 0.82 8.83 11.98 

0.82 tem ec tel ec ayaa ia aes NU Roe Bn ay Bree, en 4 
1.59 TOSCO Pilcias tact te oe ual etatA eaters o 4.11 

3 Sno a's Geass oooh | WA at oeemenas Garces een] (ane A on perme et Sem SAV Reet Sees pea 50 
PURER Cc) wating: Fepemee Cacia, Ste ai ayltascn wile (cv one llteseenerecueteor bet Mavevovte |Mencwavancuck chile See eee 50.60 

ema ees: steel ouseare || leetieyoxcneys Sites erent 0.50 10 2 
FG. S. CChCCRee eer 12.40 0.80 11.60 Zoo) 

ORS2R NEA I ieacosns eee 0.50 8 8 
0.90 9.50 Les 8.32 9.14 

5 Get erence ote ROT REiC an aero 0.50 10 4 
Pa SERA Ser 12.30 122, 11.08 4.14 

ste oletets,tei se tee ee eae lll efavousteua ae weno we os 0.50 14 leprae ees te tysrattl: 
PORE R CaS oie en ' 7-20) 157) 156s, EE AC ee Teak 


Valuation. 


$13 


29 


14 
15 


00 
63 


220 STATE BOARD OF AGRICULTURE. 


Results of analyses of commercial fertilizers fot 


Trade name. | Locality where sample 
was taken. 


Laboratory 
number 


Armour Fertilizer Works, Chicago, Ill.—Con. 


SO89a) Supar Beet Special .c1-S.)e1oes Fs .eceeje cyst snc sv estes ste a Quincy Ns hie nt eee Claimed... . 
Found. . 
| | 
3091 Sugar (BectiSpecial sock sores actos ieee stk ie Sagpinawiies. . of-csm +s Claimed.... 
| Found. .... 
3092"), J—b—10-erbilizer 4 Ses at paris eos babs wale Coa ae ete oh BV ACIEG = net sass Claimed... 
. | Found..... 
BOGS 0) LO — FAP OTIANZER 2 See, ern Sie cic Spee: ote oun, Bea ssum nse aad oes yee ThR ace ya eee on Claimed.... 
| Found. . 
| 
3094 | Wheat, Corn and Oats Special..................... PAN SIN ares < Chueh Claimed... . 
Found. . 
Bash Fertilizer & a ta Co., Ft. Wayne, 
nd. 
3095 | Bashumus Corn Special: 7 -nt nant a cee | bansing sci. . seponrers Claimed.... 
Found 
3096 | Bashumus: GardensSpeciall << cecqere wo Ssraleis paced e ore aS ines fe ieee tenes .-| Claimed. ... 
Found. .... 
3097 “| Bashumus Grain ‘Grower. i sts oe eine teks ole spec ns | bansing sys scars nes Claimed.... 
| Found 
| 
Robert Binder Estate, Battle Creek, Mich. 
907) '| Blood and. Bone... ss ehh. peek ec dwn oaleneaettad- Battle Creek.......... Claimed... 
Faund. . 2% 
aan 
| James Boland Rendering and Fertilizer Co. 
Jackson, Mich. 
7 } 
3098 | GENETALOLOP ss. Soke otic a straw bike Aaa ebh vee | pa KGON Aa assreye ast tee Claimed.... 
| | Found: . Ja 
BOGOHI*Siigar Beet kes oe env Shr cept Cie «Saat ae Jacksons is. sea ee Claimed... .. 
| | Found 
International Agricultural Corporation. 
Buffalo Fertilizer Works, Buffalo, N. Y. 
248. Bone Meal... ac. at's sana s co Aeas bowen a ae '..| Plymouth. ..........- Claimed... . 
Foun é 
3209, | Celery and Potato Special, .. 0.55.43 sc ces sec eo wile Hudsonville........... Claimed 
Found..... 


EXPERIMENT STATION BULLETINS. 221 

1910, expressed in parts per one hundred.—Con. 

Phosphoric Acid. 
Nitrogen. Potash. Valuation. 
Total. Insoluble. Available. 
ates. oo ilnateoc we rrodan 0.50 8 4 $14 72 
0.94 10.40 2.1 8.23 4.65 16 64 
(Hitch erent ciicuee aii oft 0.50 8 4 14 72 
ial 10.90 L.v2 9.18 4.41 17 79 
(O) ste} As i aaa lee oetois Cloke 0.50 5 10 2 
0.90 6.65 1.37 5.28 10.65 18 63 
PR erele) aerNara rants l'<hetapacewesayeday siete 0.50 10 5 14 50 
PE Ao COR eens ts 11.50 0.95 10.55 DL 15 15 
QRS Zee RS Stale attests suse 0.50 7 1 11 02 
1.02 8.00 1.00 7.00 1.20 ie ly 
OO ae eels cucmenetae Petes aoys 1.00 8 4 15 56 
asa bal 9.95 0.30 9.65 4.65 17 91 
MMOOM TES oil ccclacs atrgetctoxs 1 8 10 20 96 
0.82 9.95 0.42 9253; 9.26 20 95 
2 OM al Mook iocs 2a pene axa. s 1 8 2 14 48 
1.45 9.40 1.44 7.96 2.06 15.55 
5.20) DS ame | rere we rare cweucveze'|(Sge, heuer oeevohos 1 aterm |leravenane ahead onal suas 29 24 
6.22 SAS Date Sl edke ees one srapcoshe bail poreug cv peusicioe s RI Rei stotledsetane 34 83 
1 Benya, Aco Ale Te ed, Ae as ESP or get een ee 7 125 12 58 
3.40 14.70 8.15 6.55 M25 23 04 
HARON De Cy i | herpes CAs (Gaicy te Aeicu Git are eee Re ere 10 3 21 60 
3.10 13.92 3.10 10.82 2.74 25 57 
| 

2.90 DP MM MN esc e ose ea) oi tcl fete |e tsa lclrs: pues aa oie [PARR aes. Mops hays ee 92, 
3.58 DARD OP mellttarcenres cv siries ti cetie | cu tucucretUeeParace seul cede ones Mes’ oe 30 51 
AGO ag legos |i seks neues tates 1 8 10 23 10 
1.63 10.65 2.65 8.00 11.80 25 48 


Laboratory 
number. 


3100 


3101 


3102 


3321 


3103 


3104 


3338 


3105 


3106 


3211 


3305 


3306 


STATE BOARD OF AGRICULTURE. 


Trade name. 


International Agricultural Corporation, 
Buffalo Fertilizer Works, Buffalo, N. Y.—Con. 


Dissolved) Potash’. :-<:5.:< 49 eevee sre 


Extra Phosphate and Potash....... 


Barmers’ CHOICE: Fy -ceisievss 1, cnsteriere sn 


Farmers Choicest.. oo ccc aca ice 


General® Crops cies ia o!seie avers. naveliche ose 


General. Favorite 2 ccasioe es me oes 


Gerieral*Bavorite sir ss sr he date 


illie’s' Special WNos les. @icre/e. cers oi 


illie's'Special; (NOs22 2 2s sieretota.2) ots 


Ohio and Michigan Special......... 


VOT State SDeciall: s:...0%s: saree cs 3 


E. Burton, St. Joseph, Mich. 
Meat and Bone Phosphate......... 


Chicago Fertilizer & Chemical Works, 


Chicago, Il. 


Animal Bone and Potash.......... 


Universal Wheat, Corn and Oats 


Results of analyses of commercial fertilizers for 


Locality where sample 
was taken. 


ete Lal Pciae erent Belleville.............| Claimed 
Foundeeee 
Bcarous Woskeva. ere averelere Blissfield.............| Claimed 
: ‘ound. 
| 
Da /ststcraceis fe aaietn s Coldwater............| Claimed 
Found..... 
Mas asetaias we okalere Coopersville...........! Claimed 
| Found 
ahs so aie bis Meet ae Ne Coldwater: ...+...%. .../iClaimeduens 
Found..... 
Pde toye cota) sean ape Blissfield.............] Claimed 
Found..... 
SPH aks feloeun leat tel Coopersville...........| Claimed.... - 
Found..... 
SRR PNT iets Blissfield.............| Claimed... 
Found. 223% 
Wh eieebaney ate eirgatauenat Coldwater............] Claimed 
Found 
wiefRenren Poneto Hartford: 225 ..5.% 2 polaaned 
Found 
Pata: Ae | Coldwater. ........... Claimed... 
Found 
Bias 2) Athair cars St..Joseph..«.... <<... 4+), Glalmeadia ns 
Found..... 
SRC Fee | Manufacturer’s sample.| Claimed... . 
Found. ... 
Es, Merasuer stare ecole Manufacturer’s sample.| Claimed... . 
Found..... 


EXPERIMENT STATION BULLETINS. 


1912, expressed in parts per one hundred.—Con. 


Phosphoric Acid. 


Nitrogen. —- Potash. 
Total. Insoluble. Available. 
my che ercn >: POG RERCED ICIEN (RE RCHE RD RTE Reary  Cieaes 1 14 Wiese save eho smietl aie 
AEDS rate ese 15.45 Lee: 14.33 Reha saveselel oe hidye. ee 
3/8 Sr Satigitae roto CTS! PROIICIC IE Cor nee 1 10 8 
J eithouo © REE Oa REN 12.07 1.90 10.17 8.03 
OFSO Ra ee ei Bont oe re i 8 5 
1.36 11.00 2.06 8.94 5207 
ORSO MEM ash. 3 Selene eee se es 1 8 5 
1.07 11.20 1.78 9.42 5.20 
Paraiso fans tol to ray sree! ols aioe we 1 9 3 
Mes che: axenarat Mesjitayo) PAR 11.03 Bio Les 
Te 2O Se Mate cco crete oes 1 8 2.50 
1.49 10.53 2220 8.28 3.24 
2 OW Mees Bilis crac aratens eee ate 1 8 250 
1.47 11.40 2.10 9.20 3.13 
OP SOM Oni aclts.ceia h eters 1 9 2 
0.98 12.50 2.82 9.68 oa 14 
IE COMPeilionte eee ne 1 8 4 
LETS 10.95 2.87 8.08 4.40 
OF SO rats | as Sees oe 1 10 1 
1.02 14.10 2.00 12.10 2.28 
it GOP oR siete 4 ee 1 9 5 
LT 52: 11.45 152) 9.93 4.11 
3 das RI de ee re inl Done el ee 0.36 
3.50 16.95 4.52 12.43 OR2ZE 
Ty eee 2 al ba eel ae ee 2 8 2 
1.85 11. 10 1.60 9.50 2.42 
OPS DE et A eres weccte ocr: 1 8 2 
1.14 9.45 1.00 8.45 3.02 


Valuation. 


224 STATE BOARD OF AGRICULTURE. 


Results oj analyses of commercial fertilizers for 


! 


Fas 

oo 

BE Trade name. Locality where sample 
os was taken. 

35 : 

pi | 

Chicago Raw Products Co., Chicago, Ill. 

3265 | Consumers Special Corn and Oats Fertilizer......... { Capac: 2nte otitate oe ee wee 
Ounde a 
| 
| 

3212 | Consumers Special Corn and Wheat Grower......... Mayville..... Neha Astoreaste eS «fas 

oun 
| = 

3286 | Consumers Special Farmers Favorite............... | Manufacturer’s sample. eet “Sars 
| ‘ound..... 

| 

3264 | Consumers Special High Grade Wheat Grower ......| Capac................ Cae Rive 
ound). 1 
| 
| | ~ 

3213 | Consumers Special Onion and Vegetable Grower. .... |) Manwville.® <5 /-sn;Ascet ee Claimed... . 

GUT vie ee 
3214 | Consumers Special Vine and Tree Grower........... May ViIllene = 12.0 om gitar oe oe 
ound: 5c. 
| 
| 

3322 | Consumers Special Vine and Tree Grower......... ea Gapacs acm aes ore se a Be 
} oun 
| 
| The Cincinnati Phosphate Co., Cincinnati, 

Ohio. 

o1e1, | Black Soll: Rertilizer:si; a hsc sw etmaerale nmin oe Grand Rapids......... Claimed. . 
Found 
| 

3250 | Bone and Phosphate Mixture Wheat Special........ LaKeGviGWs ci: oft rtente ae lie ate 
ound. ise 

3182 | Dissolved Phosphate and) Potash; .....55..- ecm Grand Rapids......... ee a 
‘ound > sea- 

3323 | Dissolved Phosphate and Potash.................. I. Saugatuck. ........ | ee ‘ate 
found Sees 
| 

Bld | Grain .and.Grasa.Grower. «so. 0 elke oc ots mee eee Hand Station......... Cisimed a 
| oun 

3112 | Tobacco, Potato and Beet Grower................. Hand Station......... | eee 
ound). <- 

3324 | Tobacco, Potato and Beet Grower................-. B. Saugatuck. .......- | Claimed 


EXPERIMENT STATION 


1912, expressed in parts per one hundred.—Con. 


Nitrogen. 


Shelvirwlviinle cen ts) e106, 6 0 


Cae sl elere elie viele 0,06 


29 


Total. 


Sveliwitn) of eheliene (steele. s 


Phosphoric Acid. 


Insoluble. 


CC ee rd 


CHOn a Re ORE SUN SOC 


Ce rd 


BULLETINS. 225 
Potash. / Valuation. 

Available, 
10 2 $11 80 
10.83 2.32 12 92 
8 4 14 85 
9.59 4.47 16 79 

| 
8 3 13 95 
8.85 3.46 L555 
10 5 14 50 
10.53 5.07 15.09 
10 10 19 00 
11.10 10.53 20 58 
SER tS Oe : 8 26 05 
Sreysdaratsteen orotate nue 7.36 | 34 34 
| 

EOE Hy CLI OH 8 26 05 
BiclavefiaPe lotevetoravercic 9.29 30 25 
8 8 15 20 
10.20 8.07 17 46 
10 1 19 00 
11.60 0.97 21 08 
10 4 ; 13 60 
11.78 4.21 15 57 
10 4 13 60 
10.20 4.41 14 17 
8 2 13 05 
9.15 2.19 14 66 
8 4 14 85 
9.63 3.94 16 44 
8 4 | 14 85 
10.08 SESo 17 14 


226 STATE BOARD OF AGRICULTURE, 


Results of analyses of commercial fertilizers jor 


zd 
we | 
Ss o 
25 Trade name. 
os 
2c | 
ar 
| 
The Cincinnati Phosphate Co., Cincinnati, 
hio.—Con. 
3113. | Truck and Tobacco! Fertilizer... 3. ... 2.2.02 cesess- 
| 
Belo My Neae. GTO WEL. rein eile sio.2, siatolerstel suelo iets wretovecees Giemer 
Darling & Co., Chicago, Ill. 
SLL Bip Potash Brands «or seredercie stele o's slaterere wiotave inter sae 
Silom Ghicaro Brandl v.vceieet.torecic ce 0 a cum aie te sro Ns ietam sie 
g3254| (Ghicaroy Brands 2. & ocr-faa-iee els cafere aoa atc aia, sete 
| 7 
e257 | ight per cent Phosphate... 3. sci. site seme wn sie eas 
SLLG; } Harmers Pavoritesbrand ola teo~ wince gle © nies era tae 
3117 | General Crop Brand.............. ST ee ome 
| | 
| 
3520) |) General Crop) Brana jos, cs siete ois lo. cisntn intel sisiers,e sie 6 ees 
dase \ ugh GradevAcid: Phosphates... <:\5. sya cie siete pies ane 
3183 | Phosphate and Potash Brand...................-. | 
S216 eure; bone and: Potash. «...a.acecminla> sles severe siaaaie 
| 
eape | Pure Bone.and Potash... 6% gan selena s Oe cielere ine 


- a ee OS 


BaSe..| EUre Ground Bone. cae ev ced skint ye oe aleisleieica tie eae 


Locality where sample 
was taken. 


DOWaPIBe ee ioss shoves = 


Manufacturer’s sample. 


Glintonee a stevcc sete ee 


Manufacturer’s sample. | 


Sebewaing.......se0.. 


May villewcisvse aco.a sais pes 


Ghanlotte: 3; 2. v sects 


Manufacturer’s sample. 


se eee 


1912, expressed in parts per one hundred,—Con. 


Nitrogen. 


EXPERIMENT STATION 


Total. 


1.21 


176 


1.88 


2.05 


0.93 


1.00 


mieielefisiial aes «00 ee} 


1.52 


.63 


hoo 
= 
o 


24.25 


.40 


00 


Phosphoric Acid. 


Insoluble. 


to 


bo 


227 


BULLETINS. 
Potash. 
Available. 
6 6 
6.65 6.08 
UA Pree Benya die cue erecereele 
VET Sop ew |lcueterckerersralorere tance 
8 10 
9.73 10.73 
8 Nee 
9.43 2.16 
8 2) 
9.11 2.33 
Sor ae i! DAs es 
SeSoe. A lh ue cjeetevs exctet ener 
gen 4 
9.29 5.14 
8 6 
8.11 6.40 
8 6 
9.56 6r32 
TIC. ts Mal kh es ore 
Te 7 On | eer ee } 
10 2 
10.85 2.68 
Sree esehea teal hotel 6 
atc ateterais oh iuareus 6.18 
wareteies fog ato aierete 6 
BEREICH Cotto 6. 71 


Valuation. 


$17 


80 


STATE BOARD OF AGRICULTURE. 


bo 
bo 
nm 


Results of analyses of commercial fertilizers for 


= —_— $$$ —$— — —  ——— — — ——_, 


> 
mh 
ow 
25 Trade name. Locality where sample 
35 was taken. 
2a 
a 
e Darling & Co., Chicago, Ill—Con. { 
{ 
3118 | Sugar Beet and Root Grower.............0..++0-3- | AGHNLON. acteorreae seme ree Claimed.... 
Found..... 
SL19 "|: Sure Winner Brand) ooo 04.05.05 ec ces 4 aie olen elesorm Clintonia> ace. anes Claimed. . 
| Found. .... 
3266.1 Ten MVE; BIYanisscine sew Sores css oh io bislateieiore< HAMAD: Shooter idee ee Claimed. . 
Found: an 
3120 | Vegetable and Lawn Fertilizer.................... Coldwater... .'....0% "tn Claimed... . 
Found..... 
BAGO GPRM bees ore Pas, temts, cane tera tole e ne Bohne te ahete MEN ee cee Manufacturer’s sample.| Claimed... . 
Found..... 
| | 
S289 1 Muriate Of “POtaASh ac: cectstey aise histo ae sete titianiie oaks « Manufacturer’s sample.| Claimed.... 
} Found, 2.5 
S251-al ANitrate Ol SOCAsk sicre cr aco No Se tenascusta cheveicte stein hate wiatate White Pigeon... 2... Claimed. ... 
: |. Found=):2 oss 
German Kali Works, Baltimore, Md. | , 
ELM Wn Ba) © 10h ee EO oye CIE Rae oOo OES See | AGT Iatle cee esters se Claimed.... 
| Found 4.5.6 
S290 PMNTIAEG Of COOtASI Se sasai eke oo se covelsunterotarars eteleltrenetere.te | Manufacturer’s sample.| Claimed... . 
Found:s. 34, 
3291 | Sulfate of Potash........ i HE RCIA ORT | Manufacturer’s sample . | Claimed... - 
; Found seen. 
| 
Gleaners Clearing House Association, Detroit, 
Mich. 
e2so | Gleaner ‘Acid’ Phosphates, (2:1. /e vectors xi ielere ais e's 5 eye's» Manufacturer’s sample.) Claimed.... 
| Found..... 
ee ee ee eee eee ee ee See ee eer Pe 
| | 


3108 | Gleaner Michigan Favorite...................-e00- b Mason. x 02.6 «cee s1su = | Rade es 

| ‘Pound’ Se- ne 
aed | 

3284 | Gleaner Michigan General Grower.................. Manufacturer’s sample.| Claimed.... 
| Pound ine 
e 
tee ; 

3109 | Gleaner Michigan Produicer......-..s<scsavesssuers |) ASOT os dass eon Claimed.... 


2] 
re) 
= 
=] 
a 


| 
\ | 


EXPERIMENT STATION BULLETINS. 229 


1912, expressed in parts per one hundred.—Con. 


Phosphoric Acid, 
Nitrogen. —— Potash. Valuation. 


Total. Insoluble. Available. 


| $19 17 
ita h 10.80 2.10 aA | 5.57 21 35 


= 
a 
or 
to 
ao 
or 


bo 

~ 

eo 
e 
cS 
b 


9 
06 8.04 3.12 14 02 


on 
_ 
rs 
or 
o 


EpEprer aise Vela che es elise 0.0 5 cles © 0.8 6 aie 0 = efee 0 © eee 8 ne 


10 
Lo 5 00. DO OE 11.20 0.65 10.55 4.92 14 98 


_coseben stand al eo ascppap ace lem coco ean ois peor oaaes orn 15.72 14 15 


te A ee le ee ee ee el | ee ie 
s - 
o 
ie) 
Oot 
“I 
~J 
© 
— 
j=) 
Ll 


43 20 
43 69 


14 00 
16 08 


17 67 
.20 49 


14 02 
14 91 


17 20 
19.29 


230 STATE BOARD OF AGRICULTURE. 


Results of analyses of commercial fertilizers for 


Trade name. Locality where sample 
was taken. 


Laboratory 
number 


Gleaners Clearing House Association, Detroit, 
Mich.—Con. 


| Gleaner Michigan Special. 42 3 start wate «leew ore ersfe loi ayes os Petersbiirey. aja. ete Claimed.... 
Found..... 
; 


} 
3285 Gleaner Phosphate and Potash.................... | Manufacturer’s sample.| Claimed... . 
Found.... 
| | 
Grand Rapids Glue Co., Grand Rapids, Mich. 
Sine} “Grand Has chores «ee eae oo arts sia, | Grand Rapids......... Claimed.... 
| Found yaece 
Lee == 
Grange Fertilizer Co., Detroit, Mich. 
S202) |) AllACTOps SPECIAL INCIEIIZEI:. fe. s\., valet = stole) clare fells s'aie ojeta Manufacturer’s sample.| Claimed.... 
| Found 2 eee 
| 
S20 = COMPLELS WMAIAULE:.. aio cia otelel aFarets, aimee) cia olesels als lagale se | Manufacturer’s sample.| Claimed... . 
| Found..... 
3253 | Corn, Oats and Grass Fertilizer... 6... 20.06.0000 oes | Plymouth ss oe rate ae 1p: 
ound seer 
3294 | High Grade Concentrated Wheat Manure........... | Manufacturer's sample. | See Ho, 
| ‘Bound 35s 
3122 | Potato and Vegetable “Fertilizer WS Beretta eel on ciake Posse erat TRO TUNIS reais, sietoeee. 35 | Claimed... 
| Round = fee 
| 
S205) | WHALE ELLIZEL, LINO: pic cro wis state iereleistera/elere tere sivtajorate = Manufacturer’s sample. Claimed.... . 
| Found..... 
3123 | Wheat Fertilizer with Potash.................e08- osilantic....ccissaceen | Claimed... . 
Pound : n= 
Hirsh, Stein & Co., Chicago, Ml. 
3186 | Calumet 14 per cent Acid Phosphate.............. ODL. eitecete so etude ae ee Claimed. ... 
Found. .... 
3127 | Calumet Bone Black Grain Grower............-++-) REAGING sore sgae) ent ante Claimed.... 
Found..... 
3128 Calumet Bone Phosphate and Potash............... CIR YEON Sei eines orouern apts Claimed.... 
Mound: es 


EXPERIMENT STATION BULLETINS. 


1912, expressed in parts per one hundred.—Con. 


Nitrogen. 


2 
0.80 


1.93 


2 
0.90 


1466 


Total. 


10 


10 


11 


10 


16 


10. 


10. 


11 


13. 


11 


20. 


13. 


90 


40 


15 


.50 


50 


85 


Phosphoric Acid. 


Insoluble. 


1.50 


0.58 


.87 


Available. 


10 


10 


“I 


14 


10 


14 


10 


14. 


11 


lidie 


10. 


16. 


11 


.15 


63 


-50 


.60 


68 


.08 


.83 


40 


48 


33 


.03 


231 

Potash. Valuation. 
4 $14 72- 
4.55 15.70 
2 11 80 
. 2.04 11.66 
1 20 02 
0.70 24 48 
PY 14 27 
2.42 15 29 
1 11 62 
ies a ee 14 40 
2 16 47 
PAROAD 18 31 
2 15 98 
2.30 18 89 
3 14 42 
Suze 17 04 
OF Ee eae 14 00 
SPAN cf Fate 17 40 
2 11 80 
2.05 12.08 
eater aote cath aeenets 14 00 
coe 16 48 
1.50 t7 205 
1.86 19 09 
34 11 80 
2.55 iI} 33 


232 STATE BOARD OF AGRICULTURE. 


Results of analyses of commercial fertilizers for 


Pes 
Ss 8) 
Ze Trade name, Locality where sample 
os was taken. 
2s | 
a 
Hirsh, Stein & Co., Chicago, Ill.—Con. 
3129 | Calumet Corn and Wheat Grower................-- Birmingham.......... Claimed. ... 
POuUnd = S05 
Sloe Calumet Grain Growers <icc.css sls ea icletele ess 3.ce0 viele ae Washington..2:..-. 5. Claimed... . 
Found 
3130 | Calumet High Grade Bone Phosphate and Potash...| Hudson.............. Bett meee 
ound..... 
3131 | Calumet Potato, Tobacco and Onion Grower........ Deerfield! *.. .:75c-se0see Claimed.... 
j Found 
3187 | Calumet Special Grape Fertilizer.................. Memphiss \. tas see ee Claimed... .- 
Found 2 ie. 
| —— 
3217 | Calumet Special 10 per cent Potash Manure......... Zeeland ii cice Pees wae Claimed... . 
Found... «. 
3334 | Calumet Sugar Beet and General Crop Fertilizer..... Manufacturer’s sample. er Bai 
a OUNG 2 fas 
3188 | Calumet Sure Growth Fertilizer................... | Washington........... Claimed... . 
Found..... 
3189 Calumet 10-10 Hummer Potash Phosphate......... | Washington........... Gate hee 
oun we 
| 
1 
; | 
3132 | Calumet Wheat, Corn and Oats Special............. RUG SOM: jai5cracveve. cia eral Claimed... 
- | Found. 
The Independent Packers Fertilizing Co., 
Columbus, Ohio. } 
3133 | Number 3, Corn, Wheat, Oats and Clover........... AC GISON: aera an wiay ete tectels Claimed... 
Found : 
| | 
3134 | Number 4, Tobacco, Potato, Onion and Truck Special.| Addison.............. pp 
i oun 
3135 Number 8, Phosphate and Potash................. A AGIsonss: Geis c occ sleres a Claimed 
Found. . 2. 
| | 
3136 | Number 11, Special Sugar Beet Fertilizer...........| Addison.............. ree 
OUD... a 


EXPERIMENT STATION 


1912, expressed in parts per one hundred.—Con. 


Nitrogen. 


*1.56 


Sintelnleye$ © e's (c.0) 0.0.0 


1.64 


1.80 


1.00 


2 
0.77 


1.01 


2 
0. 94 


0.82 
0.97 


Total. 


Phosphoric Acid. 


Insoluble. 


1.02 


BULLETINS. 
Potash. 
Available. 

8 4 
9.20 4.65 

8 2 
10.25 2.68 

10 5 
10.93 5.00 

8 5 
9.05 503 

8 
8.10 

5 10 
5.58 9.72 

9 2 
8.92 2510 

8 2 
10.10 BY PXi) 

10 10 
12.68 10.67 

8 3 
9.60 3.29 

8 4 
9.80 4.66 

6 8 
aco 8.76 

10 2 
11.45 Sol 

8 4 
8.43 4.41 


Valuation. 
] 


$14 


14 
15 


14 
18 


92 
39 


09 


234 


STATE BOARD OF AGRICULTURE. 


Results of analyses of commercial fertilizers for 


Laboratory 
number 


3137 


3138 


3139 


3140 


3141 


3142 


3143 


3335 


3218 


3296 


Trade name. 


The Jarecki Chemical Co., Sandusky, Ohio. 
Black’ Soil ‘Special; i). aes sisess vice sc seals oe ie slaves 


CODD PHOSPHAte yc ec eike a sxsla isos aie! ainle ait Sg sounys 


Fish, Phosphate and Potash Tobacco and Potato Food 


Lake Erie Guano with Phosphate and Potash....... 
Number One; Hormul aii. .(oiis cs ese ose ein ee Sate ee 
Special SugarBeet Grower: «0.0 50 cc eee ee hte 
Square Brand Phosphate and Potash............... 
Tobacco ‘and: hruck ‘Grower /:2(..25,-ccii- «ase eee be 


Kalamazoo Rendering and Fertilizer Co., 
Kalamazoo, Mich. 


Natural Guano Co., Aurora, Ill. 
Sheep’s Head Brand Pulverized Sheep Manure...... 


Nitrate Agencies Co., Chicago, Ill. 


Acid PHOSPHAGC Tos cassis eee phe sths ce ie ie ois ela clele le eraers | 


Miuriate Of Potash, :72:. o¢10 pede un os Ae store vale paaen 


INICTALO ‘OL. BOCA: os. SS cke nates pcciwen e aers Rio ma ee 


| 


| 


Locality where sample 
was taken. 


RESGiINS: i ec6 sone ask 


SPECUMSEN Ss <x. wom. 2 cious 


Petersburg... oes. i ca 


Tecumsells> 2. sae oes 


Heelan’ & vutscctayne 2 


Manufacturer’s sample. 


Benton Harbor........ 


Manufacturer's sample. 


Manufacturer's sample. 


Manufacturer’s sample. 


Claimed.... 
Found... 


Claimed.... 


Ronnie es 


Claimed. ... 
Found..... 


Claimed. ... 
Found 2 2e57 


Claimed... . 
Found. -.-% 


Claimed.... 
Found..... 


EXPERIMENT STATION 


1912, expressed in parts per one hundred.—Con. 


Nitrogen. 


So. a 
0.86 


2.09 


ei spn ielstienele ©) cliapere se, 


Phosphoric Acid. 


Total. 


ey a) 6p ala eile bias \e 


Insoluble. 


5.30 


BULLETINS. 
- Potash. 
Available. 
8 8 
8.50 8.17 
AT wy be lievacstebevaber cars yeas 
GE OS Wate cites serene 
8 4 
8.55 4.36 
8 2.50 
8.63 2.94 
8 2 
10.58 2.01 
8 4 
9.30 4.20 
10 2 
10.35 2.97 
6 6 
5.80 (hes!) 
6 3 
3.05 5.48 
1.50 150 
63: Piste 
E_E_—_—_——_——_—————ESSS 
RN, MAG alii cas farote sos, See 
UA OSy F eclisiccteslerevc.peamalere ore 
edhe, an tee eee Tet 50 
eee, Actor clei 50.56 


235 


Valuation. 


$15 


17 
ily) 


15 
17 


10 
13 


53 
53 


20 
85 


04 
54 


85 
08 


00 
88 


00 
50 


40 
72 


236 STATE BOARD OF AGRICULTURE. 


| Results of analyses of commercial fertilizers for 


Trade name. Locality where sample 
’ was taken, 


Laboratory 
number 


The Packers Fertilizer Co., Cincinnati, Ohio. 


3336 | Acidulated Phosphate and Potash................ Manufacturer’s sample. ae m 
OUNG > sce 
3192 | Animal Tankage Phosphate and Potash............ Sebewaing............ Claimed. . 
: ound) sc, 
| s 
SPOS Deb ae Obagi MAINO. s wre ate¥ei<scisisfaistatai ee ofte tien tel aie a> Sebewaing............ Claimed... 
Found..... 
ao07 | Phosphate with Hummus: ©. c..s.03 56 stetewseris © ewisrdee Manufacturer’s sample.| Claimed.... 
Found..... 
SUG2 | ROWEEDSEAKOR 2 listec cle i¢ aielefele wis + ee Sie tenets aleks oan Sebewaing. .........+. Claimed... . 
| SOUT Aree 
| 
Pioneer Fertilizer Co., Chicago, Ill. 
3146 | Pioneer General Crop Grower.................+-6. DSA GIs tee erie Claimed.... 
; Found.; sone 
; ; 
3341 | Pioneer General Crop Grower..:.....-....secns--- HeIRID DlCoverecsterele escrey aeteas te | Claimed.... 
| Found..... 
3147 | Pioneer High Grade Acid Phosphate............... Pind. Aveo toon Claimed.... 
| Found..... 
| 
| | 
3148 | Pioneer High Grade Phosphate and Potash:........ | DUNE! . S805. % 5c eaters Claimed.... 
| Found.. 
2299) | Pioneer: 1—7—L) Wertilizers.:. = acc os’ hese Sie se ates | Manufacturer’s sample.| Claimed.... 
Found..... 
3219 | Pioneer Potato and Vegetable Grower.............. RGD DIC, toupee tctete.s *...| Claimed.... 
Found 
| 
3149 | Pioneer Truck and Corn Grower.................+. | Dimdees «nhs ae at ae Claimed.... 
Found..... 
The Pulverized Manure Co., Chicago, Ill. 
3144 | Wizard Brand Manure............. rele ¢ ole eemhaleae 3 Toto Detroit. faeswniiviere nce Claimed.... 
Found..... 
} 
3145 | Wizard Brand Pulverized Sheep Manure............ LANSING ew fe am tarsitew se Claimed.... 
Found..... 
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1912, expressed in parts per one hundred.—Con. 


Nitrogen. 


SB nie 6.0 0,0, 0 mimic © e 016 


0.83 


0.81 


0.44 


1.56 


1.85 


1.56 


1.44 


0.88 


2.01 


2.64 


Total. 


Cee 060 e's cee we 0 


e vies, wile; oie vale) oie)0. 6 


Phosphorie Acid 


Insoluble. 


2.20 


1.55 


1.35 


cele so slafcle vie ae 


Available. 


10 


12 


14 


10 


STATION 


11 


14. 


16. 


11 


. 96 


.78 


-00 


76 


94 


-65 


.58 


03 


-68 


65 


-60 


-40 


.58 


-65 
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2 

Potash. Valuation. 

2 $11 
2.55 14 

4 14 
4.56 16 

8 16 
8.18 17 
ctstelanetate cuter acs 13 
bin 4 pian ere 16 
2.50 14 
2235 17 
2 16, 
22) 18 

2 16 
2.98 18. 

Ef wlauta ray uletobe auntie 14 
Beet one, cheer hee ete 16 
4 13 
3.88 1h} 

1 1l 
1.96 14 

7 20 
“aos 21 

4 14 
4.25 16 

1 8 
2.09 10 

1 8 
1.96 12 


te 
~I 


80 - 


26 
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Trade name. 


Laboratory 
number 


Elmer D. Smith & Co., Adrian, Mich. 


BSUS 2) OYEMOENG 2hus-7. (ota nvoin ato ste laie rep bretale woo eorintate oes alert ee orate 
; The Smith Agricultural Chemical Co., 
Columbus, Ohio. 


3190 Black'Soil. Mormula ae. oe as tase eye tartede weeks ele ee aren 2 


3150) Special Potato Worms. <7 ofc store oie sx ieo. 9 sie elds tos 


3255 | Chicago Fertilizer Co’s. B. B. & P. Brand........... 


3151 Chicago Fertilizer Co’s. Calumet Phosphate......... 


| Chicago Fertilizer Co’s. Diamond Phosphate and 
Potash. 


3153 Chicago Fertilizer Co’s. New Leader................ 


w 
pear 
a 
i 


| Chicago Fertilizer Co’s. Potash Special............. 


3155 | Chicago Fertilizer Co’s. Western Phosphate and 
Potash. 


| 
| 


3156 | Ohio Farmers’ Ammoniated Phosphate and Potash. . 


3256 | Ohio Farmers’ Climax Phosphate................-. 


3157 | Ohio Farmers’ Corn, Oats and Wheat Fertilizer...... 
| 


5257 | Ohio Farmers’ Excelsior Phosphate................ 


| 
3258 Ohio Farmers’ Soluble Phosphate and Potash....... 


3158 | Ohio Farmers’ Wheat Maker and Seeding Down..... 


Locality where sample 
was taken. 


Manufacturer’s sample. 


Q 
f=) 
a 
> 
° 
i=] 


QuUINCYac6. eee el 


IPetersDUres...tiveme ate ¢ 


Petersburg... ...2 0660-0 


AGTIGN Oy: ooo wie e150 tee 


Results of analyses of commercial fertilizers jor 


Claimed.... 
Found: oes 


Found. .... 


Found. .... 


Found. .... 


Found. .... 


Claimed... . 
Round. 2. 


Claimed.... 
Found..... 


Found. .... 


> 


Claimed.... 
Found.... 


| Claimed.... 


Round. Sox 


Claimed.... 


1 Pound os oi 


Claimed.... 
Found....: 
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1912, expressed in parts per one hundred,—Con. 


Phosphoric Acid: 
Nitrogen. Sanaa Potash. Valuation. 
Total. Insoluble. Available. 

he dee PM le acarain ca ccreyata ape.a WIGLe evere oss fie oe .c¥axls 25 25 $90 22 
12..75 ZOSBON NS |re Sette eictect ccs 6 26.50 25.82 95 13 
TEATS Waa) oh air et aicerre. ouchairarevey aha ex: Wace airecetade “oe: Shee) 10 10 19 00 
Pec Mencivice s. o's eek 65 0.87 10.78 10.93 20 52 
OOM E> ¢R Ss Sei eae ee eee 6 10 17 85 
0.95 8.85 Let? Tots 1333 21 76 

GOI eee maleate cy ey cto aie cus Se epoch sas acho re 8 2 . 15250 
1.62 10.70 2.67 8.03 2.31 16 95 

2 Say SORE ES BE GE [Se eA te SIC aee ay ee 10 2 11 80 
oe OIL OIRO 11.85 ala C0) 10.75 aio: 12 83 
WES PY oft ma Fai) Gast a vaee. <1 cree) ste ara latace ston aka oveneine, Wane 10 5 14 50 
PTH cries es sass 12.05 0.90 115 Waa kts) " 6.41 16.92 
OMS OMe ee eee ce caret are Gack cl[oqere iacatess iso ose 8 Ue 17 15 
0.93 9.95 P15 8.80 7.46 19 28 

OVSOm OS Wes ae SE SMES CIO ahkavelans oe ae feels 8 4 14 45 
0.90 10.55 1.45 9.10 4.68 17 09 

OAS ae ecsns Racal mia cameansi | oeaecea ye 8d cae etek wis 8 2 12 65 
0.94 10.00 1.55 8.45 2.38 14 56 

SSO ee ie Od loan ees cee tees toss cae few ec reese, 8 4 14 45 
0.87 10.20 132 8.88 4.32 ~ 16 40 

Pest ca nray's’ 6 SARC TaESRGHEN | le poh ah aNs cos lav eiret ec artal| foetal eso ss 5 erate) oe 10 5 14 50 
ater arate tee kiero 10.80 0.90 9.90 5.40 14 76 
RAG OER wat Net otoke ticle avons} cuaters los ake aoaits int Sava anale 8 2 15 50 
1.76 10.45 E32 9.13 2.50 18 17 

QS OM. piltsss cerers erecterers. ve ESC REAE Bier te RS Re 8 if a hy sages 65) 
0.97 9.65 E05, 8.60 7.46 19 18 

MER oes ia eta ose | Sots ok ee RNs Lee eae oe 10 2 ; 11 80 
Shaw swareyorloy cird¥efonst-ah-oire ia be As) | 1-20 10.55 2.30 12 62 
ORSO Ramm erate oa. ol ceaceerncre lt cctrancce Panne 8 2 12 65 
0.94 10.20 1.50 8.70 Zals 14 56 
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Results of analyses of commercial fertilizers for 


Trade name. Locality where sample 
was taken. 


Laboratory 
number 


Speidel & Swartz, Grand Haven, Mich. 
Sent) Celerve FUStER «Sts olste ec iok sredel nits) i+ nteze ve, bles irate nie sae Grand Haven......... Claimed... 


| 
| 


Sullivan Packing Co., Detroit, Mich. | 


| } 
BOOSH | MOLVA GAs ete tote a class isis si atone x ate, 3] tele wreis cua avCTOROaT ste | Manufacturer’s sample.| Claimed... . 
Found..... 


Swift & Co., Chicago, Ill. 


3159. |, Bean-.and) Grain. Grower oi.) akeeiake we oie mca s specs Baal | Peters DUTE eee ce aie enc Claimed... . 
| Found 2 ee 
| z 
3326.4) Bean and Grain: Growers oc) <.4,..> ac oo) scislelaleie wi eteicke = GCapaes. 2h uis wen des Claimed.... 
Found); 23-2 
| 
SLIGO Gommplete Wertilizerss =: sass stausa sestieas eee | New Boston.......... Claimed.... 
Found 
ESS SS ___e———— 
3260 -| Early Potato and Vegetable Grower................ DECATDORNG ci oh. ores dees Claimed... . 
Found..... 
3342 | Early Potato and Vegetable Grower............... JACKSON dchiaesiee eee Claimed... . 
Found. 2. .: 
Seo Garden City PHOSPHAtC. ce ec we,c tote. oe oie eternal = ROAGINE soe en ois eo clas Claimed... . 
Pound): ee 
3161 | Onion, Potato and Tobacco Fertilizer.............. WheSHe = 5.ic.m ee es eee | Claimed 
; Found 
| | 
S105 |) Parkiand “awn? Fertilizer....; 22 asics vas cs 0cla seeci e's Grand Rapids......... | Claimed 
Found 
} 
3221 | Potato, Celery and Onion Grower................-- Feslandsa 4. snes | Claimed... 
Pound... 
3163 Pure Dissolved Animal Bone and Potash........... Dundee. ecm ees | Claimed... 
| Hound? 27 
| } 
SLOae || UTS HONG sMCML et. scons nis ota dire nts ee woah sina daraire WACKRON cn letvicte are et | Claimed. ... 
| tunel ast Sere 
Boas We MTS DONEMMEAN es os sxi2.0,0:5 16, oii vd ols sists aoe e's eaius | Grand Rapids......... Claimed... . 
Routidss.... 2 
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1912, expressed in parts per one hundred.—Con. 


Nitrogen. 


7.58 


0.95 
1.07 
3.07 
eae 

3.69 


6.54 


2.49 


3.25 


bl 


Total. 


MLO Mie.0 66.0) op, 6 (0 6)> 


9.00 


.60 


.30 


Phosphoric Acid. 


Insoluble. 


0.69 
Lachey 


ali? 


. 90 


or 
oO 
bo 


Available. 


3.17 
3.13 


-00 


Potash. 


0.75 


Valuation. 


$25 
26 


10 
10- 


10 


11.56 


14 


14.98 


10.55 


16 


15.48 


10.02 


28 
31 


. 
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Es 
Ss Qo 
25 Trade name. Locality where sample 
O35 | was taken. 
a] 
Swift & Co., Chicago, Ill.—Con, 
3235 | Pure aw. Bone, Meals <arve cg cm «acs steven <iatale, ore ote fois Grand Rapids......... 
3164 | Special Phosphate and Potash..................... Petersburg. oe of 
o165 || Sugar Beet Growel-.c cies siete, oes ess se aio siaate's asi Bay Oltyeaveirs.cteiyre 3 oc 
Poets BAT DCCL TOWELS osc oie cise ote aie nie estos = hai wPerereie = Hudsonville: ..< a. > 
OLUL: | ESUBAE BEL; SDCCIMM Mo. flor els le letcrs/o fierce eizin'aa'snd x rohoutels SCAG BIT cient oe 
BoLZOs|) UPEFDHOSDUMLE cis wig ae cieicicte:clotewte oie eae oatelAy telat | New Boston. .,...:.-- 
SLUG SUPCEDNOSPURLC = ~,0'o sais orate ous WS ale sicee rehome dianereree cys UGS Om ioc s=rorscat= ote oes 
3167 | Truck Grower............ GSAS. Riana te rer Mette cuter fake Reading: = .<:c- secs cae 
| 
| 
2269.4) Muriate‘of Potash... .<, #neeieeth aca tance eal SEACH Eo leas aia nt 
} 
Tuscarora Fertilizer Co., Chicago, Il. 
Baud: Acid PHOSPHALE occ esis cree nies = a\ohs cueleyc ious viele nreyeres Manufacturer’s sample. 
o222 4) Ammoniated. Phosphates. .\.& on. s.e= ve civ «ses elt Rate New Buffalo.......... 
225 || BORE ANGEPOCASD emits «aye wm wre igs are Niel hol = carorecen iat ote | New Buffalo.:..0.1:.<. 
| 
cos | Michiran Specials sic h-ateuds +. ols eotaeintegies lo eaeete ait POPE EMUTON: « osc ee eee 
oa01 | Tuscarora Bone Phosphate. .........e<0.000cs0eee Manufacturer’s sample. 
S224 | Tuscarora Nruif and “Potato, .. 0.0.6 <cwiews oles sees New Buffalo.......... 


Results of analyses of commercial jertilizers for 


Claimed. ... 
Found.. 


Claimed.... 
FounG 3. . 2 


Claimed.... 
Found. .... 


Found. .... 


Found. .... 


Found... .. 
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1912, expressed in parts per one hundred.—Con. 


Nitrogen. 


3.96 


diteke Leleje\ vw eisld eo a.s e's 


eo 


to 
~ 
~J 


2.31 


1.07 


1.70 


1.63 


0.95 


Ce 


ey 


1.04 


Giver axe 'e)'ete),ajle (s|'a18) >)/e 


1.59 


Total. 


-05 
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Insoluble. 


ey 


Ce 


bo 


.49 


bo 


.37 


Available. 


10 


10.95 


Pen i CeCe GC eC eC ee ee 


ee 


Cue we 6.0) & aye le (o's 0, e 


0.25 


o 
or 
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1.00 


2.10 


o 
ou 
o 


2.12 


i>) 
o 
o 


0.85 


o 
or 
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1.42 


14 


15.05 


10 


10.10 


10 
10.25 


8.48 


Potash. 


bo 


bo 


28 


50 
54.11 


Ce ee 


bo 
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Valuation. 
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ua 


244 STATE BOARD OF AGRICULTURE. 


Results of analyses of commercial fertilizers for 


Pa . 
BE Trade name. Locality where sample 
o5 was taken. 
25 
3 
H 
Tuscarora Fertilizer Co., Chicago, Ill—Con. 
S268 Ml VTusCHTOTA: GAYOEN : (/cys)e.n visieid slats) ous, cals urwis eke re aise IPOTG SELUTONs tress ass +.| Claimed.... 
Found..... 
S225 wil PUSCATOMD eANO AT se. 5 cierec rhe ielevolelersie Sielare sis ord etelc New Buffalo.......... Claimed.... F 
Found aa 
} 
BIO MMW OLVCTING HSDECIAL:. 2 we.scrowlt evi epareiotths shes octets 1epa ol New Buffalo.......... Claimed.... 
Found..... 
; ° 
The Wuichet Fertilizer Co., Dayton, Ohio. 
Sods WABUCKe Ve LPHOSPNabRiice siecle lcctveleelece see sistsore eele ey eis 6 | Manufacturer’s sample.| Claimed.... 
Found.... 
SRC eoae MCX EMIEL shea crasore to i3 cote cahats Vs) v<c, 5, 31a, aay cella FS, SIRI O Coaev ere eee SAIN os a etesc'e ee oss Claimed.... 
- Found..... 
ERO ONT cers, 6 Sess 5's Hs 5 Baba tecio fo OP ETRNOIR ORE Clays eschoraee Pewamo...... a Claimed.... 
: Hound's... 
lect i 
SSC) a ELEM NIAN & 5 fale ous essa abn. 0 “silo yd le, SierShettn Mraat Sil ediS¥o7a Wher Sies “a Loree Tors MESO Mis j0ters Pee a sv eiciorele Claimed.... 
Round 2.35. 
SarOr i Oniomand TIUele a -ciac. sie, cris ca eet wie ave.s oheve racine lo siatele | Saginaw.............. Claimed.... 
Found = aca. 
| 
SeGOe | ONION: BUG ATTIC. te. es Ghesscalh-c'sw ee ops ae lenetga'e’s 4laleiow's Pewamo..... paren Baas 5's Claimed... . 
| Found..... 
Bil ate EOLESHIODECIR © x ia ole eyereus ounyerel Sete nm alee ic Siclelera  opoyerere coll Mason) ie << steud)s sae» | Claimed... . 
Found. 
Bost CPOLAS SPECIAL an 2% .,.sro-c.evlorenearie Miemrerscs evala na Beacons PELL (a) 0 Sear ariraniaees to Claimed. ... 
| P Hound s.34 
A AURAL eayatcrc ls, Scale. svsdorote pistes Aste wid i acetates Takatete weet oe bus | ASHILOY’.\.s. sisu.0'> om + ivies]| OlImed aaa: 
| Found..... 
S2o0: ||) Spot Cash Wertilizer.. os oo <<.cien a Sete wa eas sa ues TOwWell 2 3 Sty" athencerent ote | Claimed 
WOunG: «2% 
3172 | Superior Pure Raw Bone.......c..ccccccecccscens MASON) hic at tsa vier cee oil Claimed.... 
Found..... 
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1912, expressed in parts per one hundred.—Con. 
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SEED ANALYSES FOR 1911 AND 1912. 


Bulletin No. 270. 


BY ERNST A., BESSEY, PROFESSOR OF BOTANY. 


The act regulating the sale of agricultural seeds (No. 289 of the Pub- 
lie Acts of 1909) is out of print and cannot be obtained except in com- 
plete volumes of the Public Acts of 1909. It is accordingly given in 
full as follows?: 


AN ACT TO REGULATE THE SALE OF AGRICULTURAL SEEDS 
AND FRUIT TREES. 


The People of the State of Michigan enact: 


Secrion 1, Every lot of seeds of agricultural plants whether in bulk 
or in package, containing one pound or more, except sweet corn, beans, 
peas, cucumbers, melons, pumpkins, squashes, but including all cereals, 
grains, clover, alfalfa.and garden plants which are sold, offered or ex- 
posed for sale for seed by any person or persons in Michigan, shall 
conform to the standards of purity and freedom from foreign matter 
specified in sections six and seven of this act, and all fruit trees, in- 
cluding apple, pear, peach, cherry and plum, shall be true to name 
for which they are sold: Provided, That mixtures of seeds, grains and 
cereals may be sold as such when the percentage of the various con- 
stituents is stated in a written or printed guarantee, which must ac- 
company each package or lot sold or offered for sale. 

Sec. 2. Dealers may base their guarantee on tests conducted by 
themselves or their agents: Provided, That such tests comply with 
methods prescribed by the director of the experiment station. 

Sec. 3. The said director may take in person or by deputy, a 
sample of the seeds, grains or cereals which are mentioned in section one 
of this act, not exceeding four ounces in weight, for said analysis, 
from any lot or package of agricultural seeds which may be in the 
possession of any grower, importer, agent or dealer in the State. Such 
samples shall be taken in the presence of the person who sold or offered 
or exposed or had them in his possession for sale, or they shall 
be taken in the presence of two impartial witnesses, and in accordance 
with the rules for the seed testing prescribed by the director of the ex- 
periment station, and shall be enclosed in a sealed package, together 
with a certified statement of the person taking the sample, which state- 
ment shall include the name and address of the person who sold or 
offered, exposed or had in his possession for sale, the seeds from which 


oe spelling and punctuation of the originai act are followed, although there™were some errors in 
each, 
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the said sample was taken, the manner in which the receptacle, package, 
sack or bag was marked, and the section or sections of the act in viola- 
tion of which the said seeds were found or suspected to be sold or offered, 
exposed or had in possession for sale. 

Sec. 4. Any person charged with the enforcement of this act may 
enter upon any premises to make any examination of any seeds, re- 
ceptacles, packages, sacks or bags of seed, with respect to which he 
has reason to suspect or believe that any provision of this act is be- 
ing violated, whether such seeds, receptacles, packages, sacks or bags 
of seeds are on the premises of the owner, or on other premises, or 
in the possession of a railway or steamship company, and may take 
any samples of the said seeds from any receptacle, package, sack or bag, 
for which samples the owner of the seed shall be paid in accordance with 
the amount of the seed thus taken at its current value; and any person 
who obstructs or refuses to permit the making of any such examina- 
tion, or the taking of any such samples of seeds, shall upon conyic- 
tion be liable to a penalty not exceeding two hundred dollars and not 
less than twenty-five dollars, together with the costs of the prosecution, 
and in default of payment of the said penalty and costs, shall be liable 
to imprisonment for a term not exceeding six months, unless the said 
penalty and the costs are sooner paid. 

Sec. 5. Said director shall analyze or cause to be analyzed such 
samples of agricultural seeds as are sold or offered for sale under the 
provisions of this act, upon complaint or request of purchaser, and may 
make such further analyses as are necessary to determine the accuracy 
of guarantees. 

Sec. 6. No person shall sell or offer, expose or have in his posses- 
sion for sale for the purpose of seeding, any seeds or cereals, grasses, 
clovers or forage plants containing more than two per cent of any one 
or more of the following weeds: Quack grass, Agropyron repens Beauv. ; 
charlock, Brassica arvensis B.S. P.; black mustard, Brassica nigra Kock ; 
Indian. mustard, Brassica juncea; false flax, Camelina sativa Crantz; 
Canada thistle, Carduus arvensis Robs; chicory, Cichorium intybus L.; 
oxeye daisy, Chrysanthemum Laucanthemum L.; dodder, Cuscuta; wild 
carrot, Daucus carota L.; orange hawkweed, Hieracium aurantiacum 
L.; toadflax, butter and eggs, Linaria linaria Karst; narrow-leaved 
plantain, Plantago Janceolata L.; Rugel’s plantain, Plantago Rugelii 
Dec.; night flowering catchfly, Silene noctiflora L.; penny-cress, Thlas- 
pi arvensis L. 

Sec. 7. Seeds sold or offered for sale shall not contain adultera- 
tion of more than five per cent of other distinguishable seed, sand, 
crushed rock or any other materials to be found mixed with agricultural 
seed, and considered by the Director of the State Experiment Station 
to be objectionable as any of those named in section six: Provided, 
That sections six and seven shall apply only when in the judgment of 
the Director of the Experiment Station the said lot of seeds in question 
has been wilfully adulterated or was when harvested too foul ever to 
be made fit for seeding purposes, or that the same is not as clean as it is 
commercially practicable to make the same by means of modern appli- 
ances. 


248 STATE BOARD OF AGRICULTURE. 


Sec. 8. The results of all tests of seeds made by said director shall 
be published by him in the bulletins or reports of the experiment sta- 
tion, together with the names of the persons from whom the samples of 
seeds were obtained. 

Sec. 9. Whoever deliberately or for gain, sells or exposes for 
sale or for distribution in this State any agricultural seeds without 
complying with the requirements of this act, or whoever violates any 
other section or part of this act shall, upon conviction, be punished by 
a fine of not less than twenty-five dollars and not to exceed two hundred 
dollars, or in default of said fine and costs, by imprisonment for a 
term not exceeding six months in the county jail, unless the said fine and 
costs are sooner paid. 

Sec. 10. The provisions of this act shall not apply to any per- 
son growing or selling cereals and other seeds for food, nor to seed 
that is held in storage for the purpose of being re-cleaned, and which 
has not been offered, exposed or held in possession for sale for the pur- 
pose of seeding, nor to farmers selling to each other when no represen- 
tation is made as to its purity. 

Sec. 11. All suits for the enforcement of penalties under the pro- 
visions of this act shall be brought in the name of the people of the 
State of Michigan, and any violation shall be deemed a misdemeanor 
and tried in the same manner as other misdemeanors are tried. 

Sec. 12. The necessary expense incurred in carrying out the pro- 
visions of this act shall be paid by warrant of the Auditor General 
drawn upon the State Treasurer. An itemized bill of necessary expenses 
shall be made and certified to by the director of said experiment sta- 
tion as herein provided, at the rate of five dollars per day and necessary 
traveling expenses for the time actually spent in performing the duties 
herein required, but the total amount shall in no one year exceed the sum 
of one thousand dollars. 

Sec. 18. All acts or parts of acts inconsistent with this act are 
hereby repealed. 

Approved June 2, 1909. 

Complying with this act, the Director of the Experiment Station depu- 
tized Mr. F. S. Dunks in 1911 and Mr. M. T. Munn in 1912 to collect 
samples of seeds offered for sale and had these samples so collected 
analyzed under the immediate supervision of the Professor of Botany. 
The present bulletin contains a discussion of the results of these analyses 
together with recommendations for the improvement of the law regarding 
the purity of agricultural seeds.* 

In the year 1911, the seed inspector, Mr. Dunks, collected 444 samples 
which will be referred to hereafter as the official samples of 1911 to dis- 
tinguish them from the 3803 unofficial samples sent in voluntarily by 
various persons who wished information as to the purity of the samples 
sent. In 1912 there were but 160 official samples but the number of un- 
official samples up to October 1st had reached 309. 

Table I shows the number of violations of this law in 1911 and 1912 


1In view of the fact that no samples of seeds were taken upon complaint or oe left of purchaser 
in accordance with section’ five the following account does not give names of seed dealers samples 
of_whose_seed .were examined. 


EXPERIMENT STATION BULLETINS. 


249 


in respect to presence of over two per cent of noxious weeds (Section 
6), a total amount of foreign seed over five per cent (Section 7), total 
foreign matter over five per cent (Section 7), inert matter over five 
per cent (Section 7) and the proportion of ingredients of mixtures not 
shown (Section 1). 


e ae 
seeds 
Samples. & two per cent 
S or over. 
°o 
| G&G 
Per 
No. cent. 
COTTITS (0 81) Ts CRORE Gn teaee 444 38 «8.3 
(Of) DS Se See ona toe gh ctn 160 1 2eteD 
notes lA Se nese. La. shies lees cists: 303 6 «2:0. 
RUMOHICISIOL OND: crane cratic, sreseccnmete <-arc\ovelars 309 ie Talay 


TABLE I.—SAMPLES OF SEEDS VIOLATING THE PURE SEED LAW. 


| 
Total Total Mixtures 
P p Inert eS 
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| or over. or over. 7 g | not given. 
iz, 
P P P of total 
er er er of tota 
ni cent iio. oa ee cent. WA Be mixtures 
22. 6 55.4.) 1 3ll3 2 94.6 
23 14.4 78 48.7 AQ 25.08 | Ue at 100 
13 4.3 | 122 40.2 96) CST ST Neseal eee eee 
30 9.7, 109 35.2 UD ZEB bs steve |fstetotayetatetecatars 
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TABLE II.—OCCURRENCE OF SEEDS OF NOXIOUS WEEDS. 


Name of weed. 


Agropyron repens— 

Quack grass 
Brassica arvensis— 

Charlotkeeee st rect (are 3-1: 
Brassica juncea— 

Indian mustard 
Brassica nigra— 

Black mustard............ 
Camelina sativa— 

MARE HaAKHs: aemefes catcsierae 
Carduus arvensis— 

Canada thistle 
Cichorium intybus— 

Wild Chicory 
Chrysanthemum leucanthe- 

mum—Ox-eye daisy....... 
Cuscuta sp.— 

Dodder 
Daucus carota— 

Waildkcarrot: mee deeias «ce 
Hieracium aurantiacum— 

Orange Hawkweed 
Linaria linaria— 

Butter and eggs........... 
Plantago lanceolata— 

Rib-grass or Buckhorn..... 
~ Plantago rugelii— 

Rugel’s Plantain 
Silene noctiflora— 

Night-flowering Catchfly. . . 
Thlaspi arvense— 

Penny cress 


Total number of samples 
exchhvearseencecs: ss 


Total appearance of nox- 
ious seeds............ 


11.5 


444 


Number of samples in which these Number of samples in which these seeds 
seeds appear. appear two per cent or over. 
Official | Unofficial | Unofficial | Official Official | Unofficial | Unofficial 
No. Pet, | No. Pet. |No. Pet, |No. Pet. |No. Pet. |No. Pet. |No, Pet 
| | 
0 0 Eee Sarr 207) 020 0 0 0 0 1 3 
Diaconle Wot SST tae foe PN 0) 0 O 0 50 
0 0 SAU Ao ip malta ee (0) 0 0 ORO On .50 
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zi Gig 2108 GE POR G00 Hy A Ome Orn OE 0 
1 26) sie aot Oe eae) | Ole0) 0 0 0 0 ( ) 
Bao leheipeeailteat ESO 107e i 0% 20 8H) 00GT0 |, 20 tO 
7 #4.4)12 4 Li ayoran| Olas 0 0 0 0 =O 0. 2:0 
2 ARM od) Sel 1 330 | 2 080 OuO O50 O10 
0 0 0: 0 OW) OF0 OF 10 0 0 0 r0 
0 0 0 0 0 0 0 0 Ot Orr .0: 90 0 0 
69 43.1 | 43 14.2) 60 19.4118 41] 9 5.6) 3 1 2 6 
48 30.0 | 40 13.2|)27 87] 8 1.8) 2 1.2] 3 1 ORO 
Su 0108 |) (Ghee 2 fl) 73Galieze © -45|-40) 20 0 0 0 0 
Ae OAGr es OnenO 0 0 0 0 0 0 0 0 0 0 
160 303 BOOT galt ety an (ee Ronee Reacrees lestha ees 
147 132 157 29 11 6 | 4 
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The unofficial samples of mixtures lacked information as to whether 
the proportions of the ingredients were given so that they were omitted 
from the column concerning the mixtures. 

Table II shows the number and per cent of samples in which any of 
the sixteen kinds of noxious weeds appeared together with the number 
and per cent in which any one appeared in iNegal amount (two per 

cent or over). 

The marked difference in the relative frequency of noxious seeds in 
the official and unofficial samples is undoubtedly due to the fact that 
the seed inspector collected mostly those samples that appeared to be like- 
ly to be in violation of the law while the unofficial samples largely repre- 
sent the general run of seeds sold in the state. A similar difference may be 
see in Table I in the amount of foreign seed. On the other hand in 
pach year the per cent of samples with five per cent or over of inert mat- 
ter is the same. 

The inert matter in the official samples of 1911 averaged 5.5%, rang- 
ing from 0 to 83.1%; in the official samples 1912, 7.7% ranging from 0 
to "81% : in the unofficial samples 1911, 4.3% r ranging from 0 to 48.1%, 
and unofficial samples 1912, 3.6% ranging from 0 to 60%. The highest 
amount of noxious weed seed and of total foreign seed were respect- 
ively in the official samples 1911, 20.3% and 36.5%; in the official 
samples 1912, 11.4% and 19.5%; in the unofficial samples 1911, 5.1% 
and 20% and in ihe aauoeal samples 1912, 18.6% and 95%. 

A study of Table II shows that of the sixteen kinds of seeds listed in 
section six of the pure seed act, two have not appeared in any of the 
1216 samples examined, viz: Hieracium aurantiacum, Orange Hawk- 
weed and Linaria linaria, Butter and Eggs, while one other Thlaspi 
arvense, Penny cress, appeared in but one sample. Of the others, 
Plantago lanceolata, Buckhorn or Ribgrass, Plantago rugelii, Rugel’s 
Plantain, Silene noctiflora, Night Flowering catchfly, Carduus arven- 
sis, Canada thistle and the various kinds of Cuscuta, Dodder, were 
fairly frequent in the order given. Probably the large number of 
samples containing buckhorn and Rugel’s plantain among the official 
samples is due to the fact that red clover seed in which these are prob- 
ably the most frequent contaminations made up a very large propor- 
tion (42% in 1911 and 45% in 1912) of the samples. The absence or 
small number of samples in which some of the noxious seeds appeared 
is due in some cases e. g. penny cress and false flax, to the compara- 
tive rarity of these weeds in the state. In the case of orange hawk- 
weed which is now quite widely distributed in the northern part of 
the lower peninsula, the smallness and lightness of the seed exclude 
it from being present as a contamination in other seeds while the 
lightness of the seed of the too common butter and eggs would prevent 
it remaining in any seed during its cleaning. Still others e. g. quack 
grass and the mustards, would probably have been found much more 
abundantly had more samples of small grain and some of the grass 
seeds (e. g. brome grass, meadow oat grass, etc.) been examined. 

In order that these noxious weeds should be present in quantities 
sufficient to be illegal, i . e. two per cent, the actual number of such seeds 
allowed would be immense in some cases. This is shown by the fol- 
lowing tadle (Table III) in which are shown the numbers of seeds 
of each of the sixteen noxious kinds that would be present in a pound 
in which these seeds are present to the amount of two per cent. 
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TABLE III—NUMBER OF NOXIOUS SEEDS PER POUND WHEN PRESENT TO THE 
AMOUNT OF TWO PER CENT BY WEIGHT. 


Numbers 


Name of seed. in pound 
at 2%. 
ELEM UROU TLE DELS, SNACK LEAS uiatava tet erauedateaa lor oly iris ier Peiev acta ancteinia aveis @ oie lare's <6, ela alt le siaza®o, 918 2,193 
STARS IC een Sis ns OTIC Cle sve erePated: thang tes a orcvey cnet ctolels, aie areip ote svehel wickets fol tir ete aie'sieta enevaieraie wieie 4,450 
TASCA UM Cede MTICLIA TOTES CSUE line ara cate roctensme ste torch yeh st arene chalets avg onets f= a) cltys/.0) ayia ele) sim inis vn 6,440 
lebe Saye rates LE aaheyt igs lA Aen oi een Bice ane er Ooch CO DON ee Onc aco ores s 5,934 
SE MGCL SALLY teow ELSE tla nee ete paren lee Kate soi esa hes At eo ah obclil oxekel Ses ioke/ bie. « Clopaia aasphsie) le nos, oes bas 4,540 
AEC HER SRA TENS ot OPTIC se LIS ELE es sus oats weep aieceet ov cys eiein aie cetrnlame te e¥en tue re. 0 teshe cy ances ortiwel aia Otelnes. > 10,878 
ROO TIITIMITE AV US aut LCI Tey ieee etn es ota ote oie cc felt/c cuts aka erovere mille acue Agha auplebessregeRe/ © piisied cisicheltate 7,382 
chrysanthemum leucanthemum) Ox-eye: Daisy sis.<.0cis.0 0 Fee s ole te eis oe eels iee wills ean 32,428 
POPS CU LIST) ScD) GULL C Re rege te cece the ote eee Rarer onan, ahays ve can ie AD Cenatia Gat toe west es dha (o,.01,enseohe ah aye) eferars A lapRts 12,953 
ATC SRCA TO LAs BVO E GATTO Lorie ave sentence tat alee Powe io ave ena) Svsyiyk ale 0 c4p BE cree cwhacavatn Oe Yo leystetelene sere | 10,283 
HueraActumn aNrantigeum: OTANCCHEAWK WEE! aos 5.0 c cc cei oe iis end g ee dese on ae ela wiehe } 87,300 
Mino MIN Arias ole aN POS wa cere ctcacrs 5 chia. t ices is) da lste clerolle is) cud grabe oie sve a eye evelstotes 72,640 
Patan AMCCOl Abeer SUCH ORIN ae cian cetera aleve or ovale pale aieie Ss alae cies cheks lene seule) Zi an0%0 ele whew wletehelels 11,209 
PINT ACO ULC ESC LOM EAMG AIT siete tote Sires wielers © cio abe apeiouslteme elas crerenepe, fia) widh ope) ele ieie.ele 16,509 
Seneinocti floras Nieht-towerine Catchflyit ss dasa). cilasicic ashe odes. ste oe ose 9,080 
PHAN DIR Ve HBG aE CHT VRCECSS octets acct eee citeiei evra) staser cio siecaveicee une cae cuataia ae le 016 wieseyeiereietall 10,771 


iThe species was Cuscuta arvensis, ield_dodder. 


It is thus apparent that without being in violation of the law, 
it would be possible for a sample of seed to contain in one pound up to 
12,953 seeds of field dodder (Cuscuta arvensis) or 11,209 seeds of 
buckhorn (Plantago lanceolata) or 87,300 seeds of orange hawkweed 
(Hieracium aurantiacum) ete. Fortunately such could never be the 
case in this last mentioned seed owing to its lightness and the ease 
with which it could be fanned out. Actually, however, samples were 
collected in 1911 and 1912 that contained 1.5% by weight of clover 
dodder, i. e. about 20,000 seeds per pound and 10.1% buckhorn i. e. 
about 56,000 seeds per pound and many samples contained but little 
less than two per cent of the latter. Z 

Turning now to the different kinds of seeds examined, we find that 
alfalfa and red (or June) clover (including its various forms such as 
mammoth and medium clover) made up the majority of the samples 
analyzed. Alfalfa is a comparatively new crop in Michigan and hence 
has been the subject of unusual interest on the part of the farmers of 
the state. This is apparent from the fact that in 1911 and 1912 re- 
spectively, the samples of alfalfa made up 61.7 and 55.7 per cent of 
the unofficial samples i. e. those sent in voluntarily, with red clover 
which is much more extensively grown in the state than alfalfa, mak- 
ing up only 17.2 and 13.6 per cent respectively. Probably the differ- 
ence is largely due to the fact that the average farmer grows his own 
red clover seed and so does not usually think it worth while to have 
it tested, while with a new crop like alfalfa, with unknown seeds and 
from dealers whose reliability is unknown, he feels the need of having 
the seed examined. 

In Table IV is shown by numbers and per cent, the distribution of 
seeds of the sixteen kinds of noxious weeds in the samples of alfalfa, 
alsike clover, red clover, white clover, timothy, winter vetch, lawn 
mixtures and all others, in the official and unofficial samples of 1911 
and 1912. Table V shows similarly the distribution in the same kinds 
of commercial seed of all the recognized kinds of weed seeds found 
in them aside from the sixteen kinds of noxious weeds. 
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TABLE IV.—OCCURRENCE OF SEED OF NOXIOUS 
Commercial seed. 
; | 
Alfalfa. Alsike clover. - Red clover. 
Kind of noxious seeds. : = : 5 aaa 
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WEEDS IN VARIOUS KINDS OF COMMERCIAL SEEDS. 
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*No Noxious Seeds found. 
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TABLE V.—OCCURRENCE OF WEED SEEDS 
Commercial seed. 
Alfalfa. Alsike clover. Red clover. 
Vamee of weeds. = ani : 7 - - 
= = ke = = P = cae ies 
ala ele sae lS eae 
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1Tt is possible that this may be false identification of Eruca sativa. 
2It is possible that some, if not all, of the seeds credited to Centaurea solstitialis may be really 


C. picris. 
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Commercial seed. 


All other seeds. 


Lawn mixture. 


Winter vetch, Timothy grass. 


Mats clover. 
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TABLE V.— 


Commercial seed. 
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Chenopodium hybridum— . . . . Ole ee eee Ol 2M [ewe see . 25 36.5 1l 9 
Maple-leaved goosefoot............ ; 


Cirsium lanceolatum— 
BMthishGene se sce ences Ane 
Conium maculatum— 
Poison hemlock.................. 
1Conringia orientalis— 
Patera Gah tic, ccc ae ota ate bu erates 
Convolvulus arvensis— 
Field Bindweed.................. 
Cycloloma atriplicifolium-— 
WADERS DIZ OBU irc le cso ois ole cisjerasanate 
Dipsacus sylvestris— 
POABELI Se Ce Sect ciris c earnae fie iste 
Echinochloa crus-galli— 
Barnyard @rasaes,cp iene oso esteres 
Echinochloa frumentacea— 
Japanese barnyard millet 
Eleocharis ovata— 
Ovoid Spike-rush................. 


PTAQKOSUIS ADS: 15's «'s siea nie iee Kae sire 
3Eruca sativa— 
TROGUGLUOS <5 s.00 Pe Bot sonics: near 
Erysimum cheiranthoides— 
orm-seed mustard.............. 
Euphorbia sp.— 
BSDUR CO eee teins cots eigen vars te 
Galium aparine— 
GIGAGEIN Sac cas wee ce sine asics 
Gaura parviflora— 
Small-flowered Gaura............. 
Geranium dissectum— 
Cut-leaved Crane’s bill............ 
Grindelia squarrosa— 
Giieweedsas nc s.nt casas setees 
Helianthus sp.— 
ROMO BN sc ace ie th avinte fete deine 
Hordeum sativum— 
B Barley..... fees sent aye 
ypericum perforatum— 
St. dobn si Wort, .:....ssseiceccece 
Iva xanthiifolia— 
Maralt Q0G0 cc. haa dikins teccawown be 
Lactuca sativa— 
PAUUUOC Wits o swictn cee ccke > ahmed eiicvare 
Lactuca scariola integrata— 
Pritkiy letttoe... <5... <esteneees 
Lappula lappula— 
SIGECBOOL a v'o diay ods cieege eecibnaes 


MMMM ithy gag sv ehoAdie ante we qee oo Ot 


1 Tt is possible that this may be a false identification of Eruca sativa. 
si iat is possible that some, if,not all, of the seeds credited to Gentaurea solstitialis may be really O 
® See foot note on Alyssum alyssoides and Conringia orientalis. 
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EXPERIMENT STATION 


CONTINUED. 


Commercial seed. 


‘ater ‘wowong | SLMS SCOR Daas Sp MORO caine CEN Sah se eeyerane 
3 : a err ee Zt DES OP aD eee Te ob pees 
a “Ter ‘eewoug | Pp 8 ae ae 
Qo 
3 ‘Z16I ‘TeOWO | 
=| -rret ‘tego | 
, | cater tegen | 
pag pe eee 
H | Tor ‘eogong | 
=I 
E | “cr6r ‘mgo | 
4 
| Ter ‘Tyo | 
‘Ber ‘oyun | 
fi Tier ‘Teowou | 
> ‘ 
= “GI6E ‘TeOWO | 
& a 
is 
| “TI6T ‘18 BO 
| “GIGI ‘TeIowouy 
2 
= “TI6T ‘Teomouy 
: “ZI6T ‘TWO | 
iS L 


: “TIGL ‘T8BO | 


| “GIGI ‘Teewouy 


“TIGL ‘Teoyoun 


White clover. 


“ZI6BI TPOWO | 


| TI6I ‘wo | Bes 
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TABLE V.— 
Commercial seed. 
Alfalfa. Alsike clover. Red clover... 
Names of weeds. 3 
= a a ai aja 
i sil] Sol Be] St st | ei Bal Sah eaal eae 
7 = ‘Ss -g me Bs ‘3 ad Me) NA Peet) f= 
‘a 3 Feal-is'|) ed S HN ae a cS 
S\elelel\elele) 2 \aseee 
ololp |p 1-6 | 6) 5°) S leletele 
Leonurus cardiaca— 
2 (a) ge ego leIR pe i ABER eg Nor eee ee OE | Clg) ROC} Fe SCE d PSOE io O ey [hice 
a apetalum— eo) Geodon | pens 
ild Peppergrass Jet Pays tote en NOs [rset ce [eweccelecene spe ccenelscccerleneeusleresceleoesenlseeslesaclenoalevien 
Tepidiimiestipestre— a bo” pe Peet cee) ae sor ae eee ae aia ASE Acie Dae ea aes eee 
WW GIGBS Cob ec ede cones vais ote 
es virginicum— 
ild Peppergrass..............+.. 
Linum usitatissimum— 
i rs ae pean 7d nia aaa Ral baal Uae ed apie beret agi) Wika) [Ye |” 
Lithospermum aACVONEC—— i) A eal pace fal oe tae Base aa to lee cs si aoa ae al alee 
Garnteromwells (28 ce) cos doce eesy prt fone een a ee Beene alee SRO Te SISee ol aleoe ee 


ie perenne— 


ee 


GRBBHER oo re cca aenictsarsiaiertencioe 
Malva verticillata— 

Whorled mallow...............-5. 
Marrubium vulgare— 

Horehound ......<..+.--«++++++0s 
Medicago lupulina— 

Black medick.............-..-+.- 
sativa— 


Melilotus alba— 
White sweet clover............... 


Melilotus indica. «5 2.< 06 cscs ss0 500 
Nepeta cataria— 

attri Boe ee os te dea aire cao 
Onagra biennis— 

Evening Primrose................ 
Panicum capillare— 

ickle grass. ce. anes v'anle vee ciwcs cies 
Panicum miliaceum— 

Broomcorn millet................- 
Panicum virgatum— 

WIECH STARE Ss Solas olcreisy res eieb crars 


PABDANUNT SP! <.2.<1 < sinvassa s'e ore qeie sointe 
Pennisetum— 
Pearl imillotic,< (5, dersr.0e'seetecte.sle's:s 


Mantas aristata— 

Bracted plantain................. 
Plantago major— 

Common plantain................ 
Poa compressa— 

Canadian bluegrass..............- 
Poa pratensis— 


Kentucky bluegrass............... 
a ee ea, ee 
rit PAGE ooh ata. closet nace 0 cmnle gale 
Wd bu nip icr me l 
dibwekewheat: o5.<4..o0cesescwa'e 
eres erectum— 
rect knotweed . .....0s:seenecenen 
Polygonum hydropiper— 
Smartweed 
Polygonum la 
Dock-leave 


thifolium— 
persicaria........... 


Polygonum pennsylvanicum......... 


Sees is Peis cirri res Peis ris ras 
eee ee ee Po ri 


Bele, ail i me 


72.2/22.8/33.3/30.8)26.2 
Leades| Genesee 
og 2.6) 8.3) 3.8) 2.4 
re al <A Spee 
ony 1.6| 2.4)15.4).. 

chose [ie Ste) Sees 
eee 1.1) 1.4] 1.9] 4.8 
Pye! ae | 
pate 1-0) 202% 
HES alae 
ee Pee 1B) .c22 
MOT Fen Rees or 2 
$22] See eet 4.8 
5: Saha] aie 12 Sl 
RE EH Ce 1.4) 3.8 


4 Probably these have been confused with each other in many cases. 
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Commercial seed. 


atin ‘yetowgou() | 


2 | ter ywogou | 
o : 
3 “SI6T ‘Teo | 
= “TIBI ‘1eIOWYO | 
, | ater Tegoug | 
s 
HE | Ter ‘te woug | 
5 
e | “ater ‘igo | 
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S | rer ‘eeyoun 
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E | -rr6r ‘rogoun 
o 
2 
= | Zier ‘eewO | 


“TIGL ‘T2WO | 
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TABLE V.— 


Names of weeds. 


Polygonum persicaria— 
Latiy a thuml): set 055 Setanta nae 


Potentilla canadensis...............-. 
Potentilla monspeliensis— 
Rough Cinquefoil............-...- 
Prunella vulgaris— 
Seles yids Saye<cksluee ceca ee 


Batre S deca tac eee seaaee aes 


Ruiheckia hirta— 

Black-eyed Susan................. 
Rumex acetosa.— 

a7 RSS 8 eet ite eM 
Rumex acetosella— 

igi Sorelle s, antec eo Sate wotieneots 
Rumex crispus— 

Wallowidook:.2 <cc.cccslsanieegtise cae 
Rumex obtusifolius— 

Bittendoek.-5 0s. «  cecatiese wins 
Salsola kali tenuifolia— 

SAUSAGE 5 < oes = areleicin.sis =sc;sta 
Saponaria officinalis— 

UNO DOW rei me aire et teatins 


DCIDUS BPs. de eas s = eansie sala ies core 
Secale cereale— 

1 AT a ial ney RE eg ER IR 
Sida spinosa— 

Prete yySld Weer Gersias’s <0 aa. e rae soe 
Silene antirrhina— - 

Sleepy catchy... 2 acicivc cei ce we 
Sinapis alba— 

WV Miike WNIStARG Steck wo otc fos-1a' sins. o oe 
Sisymbrium altissimum— 

Tumbling mustard................ 
Sisymbrium officinale— 

Hadoe mustard. 5. \c.- oe :ns vice wentatere ¢ 
Sonchus oleraceus— 

BOW MIRELOL aay tapateiy or resae cit stecioe 
Spergula arvensis— 

SSH siete rw Siercaieratasbiara ie sole riads 
Spermoedia clavus— 

Porm O ban ccenstsisins orients eta oye staes 
Syntherisma linearis— 

SUN CRA DATA A225, vn n%'eiceein ene ey 
Syntherisma sanguinalis— 

Barge hab, grass: . << doss,< dele sma oe 
Taraxacum taraxacum— 


Trifolium hybridum— 
AlmikG clover. dete nctacc kets ates 
Trifolium incarnatum— 
Crimson clover.............. 5 ee 
Trifolium pratense— 
MON PLGVER sya cee eevee tae tan. 
Trifolium procumbens— 
WHOL) GIOVE precio ravs.013 pia's sale pinche 
- — repens— 
White clover, Re at Gee haan res 


W ORS Bo dp cd ede Whit a toa Se 
Urtica gracilis— 
BIBIMIAE MILO Ss d5.c'4 ones tae pin choos 


Commercial seed. 


| Official, 1911. 


Alfalfa. 


| Official, 1912. 


Unofficial, 1911. 


Unofficial, 1912. 


Official, 1911. 


Alsike clover. Red clover. 


Official, 1912. 
Unofficial, 1911. 
Unofficial, 1912. 
Official, 1911. 
Official, 1912. 
Unofficial, 1911. 
Unofficial, 1912, 


a 
o 


es ee ee ers i nes aes ears Geers ered (iy 


S|?) ell = 4) areas 
16.7) .5 er 3.8)16.7 
11] 24 97 
ord 12,9.29-2117.316. 

26 14) 5 
5,518.5 o.taed ns 
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EXPERIMENT STATION BULLETINS. 


GONTINUED. 


Commercial seed. 


All other seeds, 


“SIGL ‘(eo youn 


“TI6L ‘pe1oqjouy) 


“SIGI ‘TOWO 


“Ter ‘TWO | 


Lawn mixture. 


“STGT ‘eHowmouy, | 


“TIGL ‘[etowgoun, | 


“IGT ‘TROWO | 


TIGL ‘TeOWO | 


Winter vetch. Timothy grass. 


White clover. 


“BI6r ‘Teowoug | 
“Ter ‘Tee woug | 


“CI6T ‘TelOWO | 


“TIGL ‘Tego a ed 


“CIGT ‘Teoyjouy, 


“TIGL ‘Temyjouy 


“CII ‘TeOWO | 
“TI6E ee ta ETE 


“GIGI ‘Tetogjouy) 


“TI61 ‘jeloqjouy) 


“CIGT ‘TeOWO | 


“TIGL ‘Teo | 
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Names of weeds, 


Vaccaria vaccaria— No. 
POWCHEDD ue toes «packed venseactte Pet 
Verbascum thapsus— N 
Mallein’ 628. < 3. hoe ee ache Pet 
Verbena hastata— No 
lie VERVAaliit es roan exe cee oe Pet 
SVicin grandiloras.). cass scene ske we ys No 
Vicia hirsuta.............00.e00e0. ee 
5Vicia sativa— Le 
DURE VECh fe. wi. Sosa etae edn dn ps Pct 


5 Several species of Vicia and Lathyrus and other related genera are pry grouped under the 
heading Vicia sativa. It is only for the unofficial samples of 1912 that V. grandiflora and V. hirsuta 


are segregated. 


STATE BOARD OF 


1) 


AGRICULTURE. 
TABLE V.— 
Commercial seed. 
Alfalfa. Alsike clover. Red clover. 
ij ii{a/.J.jale 
a8 | 3) 8) S- aS) Se eae 
oa a 4 as oa 3S = = ola im | Petes 
io = 3 is * me ic] |e) Se eee 
= = 5 ° = = o S = ia co 
e1e/2/818\e)3) 2 leaeene 
a 
° ro) =) =) ro) ro) Dp Pp |o | op. 
y heart [henna Nani mae ees ke aa Neem |e 
Be etal le dote orke lla fora so atoll Rearclote ll Sactetesarall tara oereiel | arecoe ee Stl ote eee alle cere nan 3.8). 
sie aaidl's cepts p | (ees | PLEO] leone | | se A ba Rg oe Pl bet e | eo 
Se eererA Scarrere MSY iy SL alec elas tne el etotterell ciitateal PR RULES 3.8}... 
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BULLETINS. 


EXPERIMENT STATION 


eroripmong | Edt: 


Ter weBoUD | site: Miiete aueesne tas 


“ser TWO | Foe Ogee moe She are Aa 


All other seeds, 


TIOE ‘T0180 | ie mT rauet Soe ers ees 


“Cer ‘THewoug | REN eR eS ee ee 


Tein eee st 


Lawn mixture. 


"Ter ‘190 | SPER tre Ath, eats eae 


“sr6r ‘THowoug | Fie Sate iat te oh Oe 


Trerepmomn | Riis: 
mon eemo | fe es ees 


Timothy grass. 


“Tot 8990 | Hs) ce eee 


Commercial seed. 


“SIGE ‘[etoqjoun, 


‘TI6I ‘Teegoun, CO Cen yen Tr 


“zr ‘w90 | EE eR pees pee Be 


Winter vetch. 


Totem} y ee 


AIOE IUIOGIOUN ne tiene cee ser sac 


“TIOT {NOW wee ek eRe Nese ee 


aor r9H0 | 


White clover. 


“Tet “e980 | En ae ee er 


ee | | 


CONCLUDED, 


Number 


Kind of seed. 
Pure seed, per cent 


Inert matter, per cent 
Other seed, per cent 


Noxious seeds 


Total noxious per cent. 


Other weed seeds.......... 


Number 


Kind of seed. 
Pure seed, per cent........ 


Inert matter, per cent 
Other seed, per cent 


Noxious seeds 


a ee 


Total noxious, per cent.. 


Other weed seeds 


STATE BOARD OF AGRICULTURE. 


TABLE VI.—SAMPLES OF SEED OF VERY POOR QUALITY 


157—Unoflficial, 1911. 


Alfalfa. 


2 


Salsola kali tenuifolia— 
Russian thistle, 2%. 
Grindelia squarrosa— 
Gum weed, 273 per Ib. 
Chenopodium album— 
Lamb’s quarters, 364 per lb. 


161—Official, 1911. 
Red clover. 


83.9 


es 


Chaetochloa viridis— 
Green foxtail, 14.7%. 


302—Unofficial, 1911. 


Alfalfa. 


91.0 
8.1 
0.9 


Cuscuta sp.— 

Small seeded dodder, 0.85 %. 
Cuscuta sp.— 

Large seeded dodder, 91 per lb. 


0.85% 


Chenopodium album— 

Lamb’s quarters, 182 per Ib. 
Cirsium lanceolatum— 

Bull thistle, 182 per lb. 
Lagos a oe 

stickseed, 273 per lb. 
Amaranthus retroflexus— 

Rough pigweed, 91 per lb. 
Polygonum convolvulus— 

Wild buckwheat, 182 per lb. 


374— Official, 1911. 


Red clover. (Medium) 


Plantago lanceolata— 
Buckhorn, 8.1 %. 
Plantago rugelii— 
Rugel’s plantain, 12.2 %. 


20.3% 


Timothy grass 1.7%. 


EXPERIMENT STATION 


OFFERED FOR SALE IN MICHIGAN 1911 AND 1912. 


305—Official, 1911. 336—Official, 1911. 


Alsike clover. Alsike clover. 


96.6 70 

0.7 4 

As f 26 
Silene noctiflora— 

Night-flowering catchfly, 2%. 

Camelina sativa— 
False flax, trace. 

2+% 0 


Rumex acetosella— 
Field sorrel, 24.5 %. 
Miscellaneous, 1.5%. 


Miscellaneous weeds, 0.6 %. 
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287—Unofficial, 1912. 


Alsike clover. 
10 
1 
89 


Rumex acetosella— 
Field sorrel, 81. + %. 
Red clover, 4. + %. 
Timothy grass, 3.4%. 


104— Official, 1911. 71— Official, 1911. 


Red clover. (Medium) Red top grass. 


85.2 80 
3.5 8 
11.3 12 


Plantago lanceolata— 


Plantago rugelii— 
Buckhorn, 10.1 %. 


Rugel’s plantain, trace. 


10.1% Trace. 


Miscellaneous, 1.2% == 5,000 seeds 


nerib Timothy grass, 11.8%. 


Lepidium virginicum— 
Pepper grass, trace. 


312—Official, 1911. 


Rutabaga. 


Brassica nigra— 
Black mustard, 18.6%. 


18.6% 


Note.—Probably this was a de- 
liberate adulteration. 
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Kind of seed. 


Pure seed, per cent........ 
Inert matter, per cent..... 


Other seed, per cent....... 


INOXIOUS BERGH Ses clos eevee 


Total noxious, per cent.. 


Other weed seeds.......... 


Kind of seed. 


Pure seed, per cent........ 
Inert matter, per cent..... 
Other seed, per cent....... 


Noxious seeds..........+. 


Total noxious, per cent. 


Other weed seeds.......... 


STATE BOARD OF AGRICULTURE. 


443—Official, 1911. 


Central Park Lawn Seed. 


15.2 
83.1 
Lod 


Brassica arvensis— 

Charlock, 227 per lb. 
Camelina sativa— 

False flax, 2,043 per lb. 
Carduus arvensis— — 

Canada thistle, 908 per lb. 
Plantago rugelii— 

Rugel’s plantain, 227 per Ib. 


Trace. 


Potentilla monspeliensis— 


Rough cinquefoil, 3,405 per lb. 


Rumex crispus— 

Yellow dock, 908 per Ib. 
Rumex acetosella— 

Field sorrel, 1,816 per lb. 
Miscellaneous, 3,178 per lb. 


293—Unofficial, 1912. 


Timothy grass. 


Agropyron repens— 
Quack grass, 9%. 


9% 


Wheat, 6.5%. 

Lepidium apetalum— 
epper grass, 10.6%. 

Miscellaneous, 0.9%. 


TABLE VI.— 


444—Official, 1911. 


Standard Lawn Seed. 


41.4 
52.5 
6.1 


Plantago rugelii— 
Rugel’s plantain, 4.6%. 

Plantago lanceolata— 
Buckhorn, 453 per lb. 


4.6%+ 


eee virginicum— 
_Pepper grass, 2,265 per lb. 
Cirsium lanceolatum— 

Bull thistle, 302 per lb. 
Potentilla monspeliensis— 

Rough cinquefoil, 1,510 per Ib. 
Rumex crispus— 

Yellow dock, 906 per lb. 
Miscellaneous, 2,265 per lb. 


300—Unofficial, 1912. 


Timothy grass. 


Plantago lanceolata— 
Buckhorn, 0.4 %. 


0.4% 


Rumex acetosella— 
Field sorrel, 25.2 %. 

Rumex crispus— 
Yellow dock, 0.6 %. 

Various clovers, 1.2%. 


EXPERIMENT 


CONCLUDED. 


13—Official, 1911. 


Timothy and alsike mixed.} 


Chrysanthemum leucanthemum— 
Ox-eye daisy, 0.35%. 

Plantago lanceolata— 
Buckhorn, 0.4%. 

Plantago rugelii— 
Rugel’s plantain, 1.6%. 

Silene noctiflora— 
Night-flowering catchfly, 0.5%. 


2.85% 


Cerastium vulgatum— 
Mouse-ear chickweed, 1 %. 
Potentilla monspeliensis— 
Rough cinquefoil, 20,000 per lb. 
Anthemis cotula— 
Mayweed, 7,250 per Ib. 
Lepidium virginicum— 
Pepper grass, 1,800 per lb. 
Bursa bursa-pastoris— 
Shepherd’s purse, 1,800 per lb. 
Miscellaneous, 5+ %. 


STATION 


142—Official, 1911. 


Timothy and alsike mixed.! 


Rumex acetosella— 


Field sorrel, 13.1%. 
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315—Official, 1911. 


Timothy and alsike mixed.! 


28.9 
50.1 
21.0 


Silene noctiflora— 
Night-flowering catchfly, 2.3%. 


2.3% 


Cerastium vulgatum— 
Mouse-ear chickweed, 16.2 %. 
Potentilla monspeliensis— 
Rough cinquefoil, 1. %. 
Bursa bursa-pastoris— 
Shepherd’s purse, 0.3 %. 
Rumex acetosella— 
Field sorrel, 0.4%. 
Miscellaneous, 0.8%. 


268—Unoflficial, 1912. 


Winter vetch.2 


79.5 
alg 
19.4 


Other vetches, mainly Vicia sativa— 
Spring vetch, 18.5%. 
Agrostemma githago— 
Cockle, 0.7 %. 
Galium aparine— 
Cleaver’s, 0.1%. 
Miscellaneous, 0.1 %. 


1These three samples violated the law also in faiing to have the proportions stated upon the 


container. 


2This 1s more properly Hairy Vetch but is more generally known in this state as Winter or Sand 


Vetch. 
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A study of Table IV shows that certain kinds of weed seeds are 
distributed without much respect to the kind of seed in which they 
are found while others are found more especially as contamination 
of certain kinds. Thus the dodders were more abundant in alfalfa, 
buckhorn and Rugel’s plantain in red clover, night-flowering catchfly 
in alsike clover. Table V shows that there are certain very commonly 
occurring weed seeds. These are lamb’s quarters (Chenopodium al- 
bum), green foxtail or pigeon grass (Chaetochloa viridis), both very 
common in red clover and alfalfa seed, Russian thistle (Salsola kali 
tenuifolia) and spreading orache ( Atripler patula) abundant in al- 
falfa but almost lacking in the other kinds of seed, field sorrel (Rumer 
acetosella) especially in timothy and alsike but also occurring in red 
clover, pepper grass (Lepidium virginicum and L. apetalum) in tim- 
othy, ragweed (Ambrosia artemisiifolia) in red clover and alfalfa. 
Red clover is a frequent contamination of alfalfa; timothy is very fre- 
quently found in red clover, alfalfa and especially alsike, while alsike 
is very frequently found in red clover and especially in timothy. The 
contaminations of hairy (or winter) vetch owing partly to the 
larger size of the seed, were different from the foregoing. The con- 
taminants are spring vetch (Vicia sativa) and a number of other 
vetches and species of Lathyrus. These may be present in large quan- 
tities, i. e. often 20 per cent. Nearly every sample has a small amount 
of cockle (Agrostemma githago) and cleavers (Galium aparine) while 
oats, wheat and rye are frequent accidental contaminations. 

As would be expected, the seeds found as contaminations are usu- 
ally those of approximately the same size as the seed in which they 
are found. When it is otherwise, it is because the seed has not been 
cleaned or has been carelessly handled after cleaning or that screen- 
ings have been used to cheapen it. There is far too much of this care- 
lessly handled seed on the market. To illustrate the quality of some of 
the lots of seed actually offered for sale in Michigan in 1911 and 1912, 
there are given above (Table VI) the analyses of a number of the 
most striking samples. These were mostly obtained of seed dealers in 
small towns or of farmers who were offering the seed for sale. Some- 
times in the case of the dealer, usually in the farmers’ case, the poor 
quality of the seed was not recognized owing to lack of knowledge in 
this matter. Unfortunately, however, a number of the smaller cities 
of the state are infested with unscrupulous seed merchants who buy 
screenings at low prices from some of the large seed firms and mix them 
with better seed or sell them directly thus introducing low-grade seed 
into their locality to the detriment of the honest dealers and the great 
harm of the farmers. Perhaps the worst lots are the packages of lawn 
grass seed put up by some of the New York state seed firms. They 
are usually in pasteboard cartons with a picture of a vivid green lawn. 
They are mostly just under a pound in weight so that they do not 
violate the letter of the law. They are usually sold for five or ten cents 
by five and ten cent stores and by department stores. The sale of such 
trash is greatly to be deplored as it injures the legitimate business 
of reliable firms. The price alone is enough to show the fraud for 
with Kentucky Blue grass at twenty-five or thirty cents a pound and 
white clover at eighteen to twenty cents or over and other grass seeds 
similarly high priced, it is absurd to suppose that a package of about 
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a pound of good lawn seed can be sold for five cents or even ten cents. 
The analyses given above will explain how it can be done. 

Tables I, II, IV, V and VI and the discussions of them reveal the 
fact that weed seeds are abundantly present in fhe seed sold in Mich- 
igan. The importance of this can not be over-emphasized. It is prob- 
ably not going beyond the actual fact to assert that at least ninety 
per cent of the weeds that appear on a farm have been introduced as 
contaminations of the seed sown. This agency for the introduction 
of weeds is being demonstrated on a large scale right now in Mich- 
igan. Alfalfa is a new crop for most farms in Michigan and prac- 
tically all the seed sown these past two years (the period the writer 
has had the matter under observation) has come from the West, Mon- 
tana, Nebraska, Kansas and Utah, mainly. As will be noticed by 
reference to Table V 20 to 40 per cent of all the samples examined 
in 1911 and 1912 by the Department of Botany contained seed of 
Russian thistle. This weed is a native of Southeastern Russia and 
was introduced twenty or thirty years ago into the West where it is 
now widespread and a frequent pest of the alfalfa fields as well as 
elsewhere. During the latter part of summer and early fall in both 
1911 and 1912 the writer has received a great many plants of Russian 
thistle that have appeared in farms in all parts of the state, as new 
weeds, and the significant fact is that with one exception, they have 
appeared as weeds in alfalfa fields. The connection is obvious. Sim- 
ilarly Hruca sativa, Roquette, has appeared as a weed in a great many 
alfalfa fields the past two seasons. This is well established as a weed 
(introduced from Europe) in many of the alfalfa regions of the West. 
A glance at the tables of seeds will not reveal this in more than two 
samples. The fact was that, until the specimens of the weed began 
to be sent for identification, the seed which had appeared frequently 
in the samples of alfalfa seed examined had been wrongly identified 
(thus Alyssum alyssoides and Conringia orientalis of the list were 
probably in all cases Hruca sativa) or had failed to be identified and 
were placed in the reports among miscellaneous seeds. Having found 
the weed so abundantly in alfalfa fields, we now are able to recog- 
nize its seed in many of the samples previously sent in. 

The great prevalence of buckhorn, field sorrel, etc., in fields of red 
clover and alsike or timothy respectively, corresponds clearly to the 
abundance of the seeds of these weeds in clover and alsike or timothy 
seed. 

Greatly to be deplored is the too common practice of cutting for hay 
the part of a clover or timothy field where the stand is fairly pure 
and cutting for seed the portion of the field where the stand is thin 
and too weedy to make good hay. It seems absurd that a thinking man 
could do such a thing but apparently the faith of such a man in the 
power of a fanning mill to remove weed seeds is immense. It is re- 
gretted that it is not the general instead of the exceptional practice of 
the general farmer to save for seed that portion of the field that is the 
cleanest. Indeed, common-sense would dictate that a field to be cut for 
seed should be gone over carefully and all the weeds present pulled 
or cut. This extra care is well repaid in the freedom of the seed from 
contamination. Equally blind is the practice of those men who go to 
a seed dealer and buy his screenings or poor grade seed because it is 
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cheap, not realizing that such seed is really the dearest seed he can 
buy, if measured by the amount of pure seed obtained and the time and 
energy necessary to fight the weeds introduced with the poor seed. An 
extra dollar or two per bushel for clean clover or alfalfa seed will be 
a good investment. 

There are several points in which the present pure seed law appears 
faulty, from the standpoint of protection of the buyer against injury 
from the presence of harmful weeds. This will be discussed in the 
following paragraphs. 

In order to conform with the law governing the inspection of fer- 
tilizers, it would seem advisable to invest the taking of and analysis 
of seed samples in the State Board of Agriculture. This Board should 
be authorized to appoint the persons who would collect the samples, 
make the analyses and prepare the reports. Violations of the law 
should be certified by the Board to the proper authorities in order that 
they may be prosecuted. 

It seems illogical to permit packages of seed weighing under a pound 
to escape the provisions of the law. It is very evident that the lawn 
grass mixtures previously referred to are especially intended to avoid 
the penalties for impure seed for almost all cases they are just under 
a pound in weight. Then there seems to be no good reason why the 
small packets of seed should not be required to be as pure as seed sold 
in bulk. If these sealed packets are also made subject to the pure seed 
law, some provision should be made to hold the firm putting them 
up responsible if it is a Michigan firm and not the retailer, provided 
the latter destroys or returns to the wholesaler, the illegal packets. 
Of course, if the offending seed firm is one outside of Michigan the re- 
tailer must be held responsible. Should this change be made, the man 
deputized to collect seed samples should be authorized to take whole 
packets where these weigh under one pound. 

Germination tests should not be required in all cases as they are 
difficult to make for some kinds of seed and require considerable time 
and space. However, it seems it might be well to authorize the Board 
of Agriculture to have such tests made where there is a suspicion that 
the seed is old and of poor germinating quality. As a standard 
would be suggested the standards of germination adopted by the Seed 
Laboratory of the United States Department of Agriculture with the 
provision that seed falling more than a certain per cent below this 
standard in their germination should be declared in violation of the 
law. 

In view of the fact that it is practically impossible to make investi- 
gation of seeds from all dealers in the state, it seems unfair to require 
publication of all analyses. Perhaps it would be fairer to publish only 
those analyses where the person concerned had been convicted by due 
process of law of having violated the law or only those where samples 
were taken and analyzed at the demand of some purchaser who suspect- 
ed the seed of being impure. 

The results of the analyses of seeds as shown in the tables and dis- 
cussions in the earlier part of the bulletin lead the writer to make the 
following suggestions regarding sections 6 and 7 of the law. 

Seeds should fall into three classes, those whose sale is illegal, those 
which may be sold when accompanied with a statement that they 
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contain not over a definite amount (to be considered below) of foreign 
matter and “pure seed” which does not contain over a very low max- 
imum of foreign matter. Labeling as “pure,” seed that comes in either of 
the other classes should be a violation of the law. 

It should be forbidden to label or offer for sale as “pure seed” any 
seed containing over one half of one per cent of other kinds of seed 
or over one per cent of inert matter. 

The second class should include seed containing not over five per cent 
inert matter and not over two per cent of any one kind of weed seed 
or five per cent in total of weed seeds or over ten per cent total of other 
agricultural seeds. 

Chaffy grasses such as timothy, orchard grass, blue grass, etc., by 
repeated handling lose some of the grains out of the chaff so that an 
analysis might show a larger amount of chaff than allowed under these 
provisions, without in reality reducing the amount of seeds actually 
present. For this reason, such chaffy grasses, i. e. all members of 
the family Gramineae (or Poaceae) whose grains are ordinarily in- 
cluded in the chaff in the form in which they are offered for sale, should 
be allowed to contain ten per cent of inert matter or perhaps fifteen 
per cent, although the latter would be rather high. 

Seeds of this class should be provided with a tag or label stating 
that “This seed contains inert matter not exceeding ———— per cent 
and weed seed not exceeding ———— per cent.” The maximum per 
cent written on the tag or label should not exceed the limits given 
above. In place of the word “weed” the name of the contaminating 
seeds may be inserted, with or without the individual amounts but 
with the total amount given in any case. If other agricultural seeds 
be present in more than ten per cent, the lot should be considered as a 
mixture and labeled as such with the proportions of the ingredients. 
A variation of over five per cent in either direction from the formula 
given should be considered a violation of the law. 

The third class of seeds whose sale should be forbidden in all cases 
should include: (1) all seed in which occur any seeds of dodder 
(Cuscuta of any species), Canada thistle (Cirsium arvense or Carduus 
arvensis), Quack grass (Agropyron repens) and possibly Orange Hawk- 
weed (Hieracium aurantiacum). To determine this, any one of these 
seeds should be considered as present if it is found in two different 
standard sized lots out of the same sample, these standard sized lots 
being of the sizes used by the Seed Laboratory of the United States 
Department of Agriculture in its analyses. As examples, it may be 
stated that five grams is the standard size for analyses for red clover 
and alfalfa, one gram for the smaller grass seeds, etc. (2) All seed 
containing over five. per cent of inert matter. (3) All seed containing 
over two per cent of any one kind of weed not enumerated «above (1) 
or over five per cent in total (and in that case, the seed must be labeled 
as provided for class two) or over ten per cent of other agricultural seed 
except as provided for as mixtures of seed. 

In the above provisions, the percentage should always be calculated 
by weight not by number as the latter varies with every lot of seed. 

Inert matter should be defined as all non-living matter not a part of 
the living seeds, such as loose chaff, straw, pieces of stems, leaves, 
flowers, sand, dirt, pieces of stone, etc., as well as all broken or insect- 
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eaten seeds and shrunken empty seed coats. Mere discoloration or 
slight shrinking of seeds should not put them among inert matter. 

The purpose of the foregoing classification is to make it desirable 
on the part of dealers to aim to attain a high standard of quality so 
as to be able to grade the seed as “pure.” On the other hand, it will, 
enable dealers who do not have the appliances for cleaning the seed 
properly to offer it for sale (provided it is not too foul) if a state- 
ment accompanies it that will show the prospective purchaser that he 
is not getting pure seed. 

The State Board of Agriculture should be authorized to charge a 
moderate fee for all analyses of seeds sent in voluntarily, this to be 
required of all or only of seed dealers or not at all at the discretion of 
the Board. It may often occur that it is desirable to encourage farmers 
or seed dealers to send in seeds for analysis and in such cases, the fees 
would not be charged; on the other hand, certain seed firms have made 
use of the College in the past to analyze their seed samples instead of 
having a seed analyst of their own and for such cases, it seems desir- 
able to be authorized to charge a small fee for analysis and another 
for any germination test requested. 

The expense of the seed analyses, taking samples, ete., should be 
borne either directly by the State as at present or by the imposition of 
a small annual license fee upon all seed dealers (perhaps exempting firms 
or persons who offer only small packets of flower and garden seeds and 
not seed in bulk). 
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ALFALFA GROWING IN MICHIGAN. 


Bulletin No. 271. 


The growing of alfalfa in Michigan was being discussed as early as 
1888 and a number of seedings were doubtless made at that time. Dur- 
ing the middle 90s more interest seems to have been taken in this crop 
and experimental seedings were more generally made. From that time 
to within the last few years alfalfa has been slowly but steadily gaining 
ground throughout the state. While most of the earlier seedings proved 
unsuccessful, there are several fields in the state which have been seeded 
to alfalfa continuously for a period of twelve or fifteen years or more 
and which are still fairly good stands and are producing satisfactory 
crops each year. 

Many factors were responsible for these early failures; the alfalfa 
was frequently seeded on low, poorly drained land; the seed bed was 
quickly and poorly prepared in many cases; no means were taken to 
secure inoculation by the alfalfa bacteria and in practically none of 
the trials was lime applied to the soil. In some instances the alfalfa 
made a good stand and produced profitable crops for one or two seasons 
and then was winter killed. 

Because the seeding of alfalfa was so generally a failure, in its early 
history in Michigan, it was not highly esteemed among the farmers 
of the state and for years it was questioned even by the Experiment 
Station whether it would ever prove to be a profitable crop and suited 
to general planting. During the past five or six years, however, attempts 
to grow alfalfa have been more generally successful. The number of 
trials and the acreage seeded have increased until now alfalfa is be- 
coming quite a common crop throughout the better agricultural sections 
of the state and many farmers, believing that it has passed the ex- 
perimental stage, are seeding large fields. 

While the College could give little encouragement in the growing of 
alfalfa when the earlier attempts were made to grow it here, it has done 
much during the past several years to encourage its introduction as a 
general hay and forage crop throughout the state. The College has 
advised thousands of farmers in seeding alfalfa both through its cor- 
respondence and through its institute work, and during the past three 
seasons it has undertaken a practical method of assisting the farmers 
by sending an expert from the College to advise the farmer on his own 
farm, in case an alfalfa club of ten or more members is organized. 

The College is also doing extensive work in the breeding of new 
types of alfalfa which are productive of hay and seed and otherwise well 
suited to Michigan conditions. This work has progressed far enough so 
that it has been possible to distribute a small quantity of seed of several 
improved strains which were developed originally from individual 
plants. 

35 
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The Experiment Station has issued several valuable publications on 
the growing of alfalfa but a need has been felt during the past few years 
of a more recent publication on this subject. In order to learn with 
what success alfalfa is being seeded and what methods are giving the 
best results and to secure other data for such a bulletin, report blanks 
as per copy below were sent to a large number of farmers, who in recent 
years have corresponded with the College in regard to the growing of 
alfalfa. ; 

MICHIGAN AGRICULTURAL COLLEGE 


DEPARTMENT OF FARM CROPS 


b ALFALFA REPORT 


The farmer receiving this blank is requested to answer the following questions in regard to his ex- 
penence in growing alfalfa and return the same to the above address. The information received will 
e of great value to the College in studying the conditions under which alfalfa is grown in Michigan and 
the results of the investigation will be published in bulletin form. : 
If exact data is not available please make as close approximation as possible. 


Namie: of farmen Making tis sTepOLba is s.</6eye 10 eveleieiels dicts, oo, Wia/w wis) obs ste asietec AGOTESS 5 io %cie%s 2 s\lersiele pistes 
RFOUIILG Wintees erties Mele’ este Sib miata oi oa oie os < Tooker ote Distance and direction from town.........-..«scces-oee 
Is your alfalfa field clay; clay loam, sandy loam’ or sandy ?v. 2). 2c\<...\- =< s le» se vps wicleleit w= ies of le Seer 
Whar is the wature' of: The SUubSOU Pf sist Sows, ove s steiew we eho eicce oth tele auch ele a bene hehe ole necnl aie tane tes epee 
isthe Hleldilevel-or Tolling? 02% iF << 5cie « ewes sales imi haves b nGpyetee/ofae ein elo aterase more, ste nies acetate TRL 
Is the soil porous so that natural drainage though the soil is good? ..............seeeeecsccccee * 
At what depth: dotyou find standing Water trate cir \cisheraiestarn’u.e cieiiausle is tale so ofela ea nial cialeaeyaye tenets nea 
Is’there-any tile drainage in the field or is any neede@?.7. 0 2.5 coc a. saw 0)s « « vic vie biel clteleie Watelsteeiete 
What.is the ‘condition to: the field ‘as to fertility? so=.5r: teres ww ants wiviesivialc elsie Stes cfo\cis els slajotenalctale sheenene 
What crops have been grown on the field for 2 or 3 years previous to seeding alfalfa?............... 
Was alfalfa ever seeded on. the field) before? <j... 0.15 are scotere mictosicte neo 0.0 avec nyse) < n)x ote (ale lete sia atenerel state naa 
Has the field been very weedy during the past few years?............0..22-s008- Did you plow in 
preparing to seed alfalfa,if so; when?.': s/s. /.'s 42) 2 ceo 2 syne w:vlele oie Did you roll the field?............ 
How, many times did:you-harrow or cultivate the Hela? << <i. 2% ss. oiniscis olo- ahs ole oie wimin aisiwinielstelelalatale 


Was the field quite solid and firm at the time of seeding or was it loose and soft like a cornfield usually 
iS.at time’ of planting? =.) o4io Sts craicreteic sre ew crete shee shess™s orcietayne oni boa & lecataue eT etaatte e/a (ale tae ere ae 


Was any manure applied? Ifso, state amount and kind and whether top dressed or plowed under..... 
Was any fertilizer used?) If:so, state kind and amount... oo 5 i 2: 10 cvs we ctw eine = injee)a ints ohne) oie steianiete 
Was any lime used? If so, state kind, amount and method of application................-2+.++-0- 
Did you moculate the soil? - If'80; HOW?) sie «, wishes «afore ssshe'Ssinrals is mex cl Syne e tae oie Wie 
Is the wild sweet clover common about roads and waste places? If so, how close to field?.......... 
How many acres were seeded in this field?........... Meee eie ord SRT o Raise ob ieee Otere Sere en 
What'was the approximate date’ of scedingtioc7. seico'2 5. wn wlohe ere c ausrnyereterete apie ey aieis ie vac e tee 195 seta de oe 
How: wasthe seed:applied and covered Pia) soracz iste afew mca oycrete alate bist ction of arabs ot olan iol ol wen oat oleate 
How many: pounds ‘were seeded Per ACLE Paeia:< ns 6.00 iors oie 0m inva mln esage py Aisle Sie 0, ede (ein lel cle cei ametealer ante em 
Where did you purchase the seed and was it morthern grown?.............2ceeseccrccscareccvuces 


Did you inoculate the seed, if so, where did you get the nitro-culture and how many days after its 
receipt before it was applied TOMES SECU Ts oie cic eis rc cists nce bre cla@etpeieie cae 6.0/6 iden uty die tety rae 


ry 


When was: the: nurse’ Crop "Cub? oo aaies 6 Me icinlaca ante, vel ie letuiwie = bwin ciel ota ncetelaca ietm wie ein a /erereats [ete e's arenas 
Was the alfalfa in good condition at this time and did it suffer from hot dry weather during the next 
MEW CAVA 0.5 65's, oi iain acelin ‘aw Suara RIO. uu patie dub mle aha tpucw' cg late odie atte ids aad wie Wd LT rigs a etn Bs 
Did the alfalfa come up and'make a thick even Stand?.*....0vceccsceuc coc weneutey suunasivwalts beet 
Was the alfalfa of a healthy color and vigorous growth during the first season or was it yellowish with 
small spots of darker green and more Vigorous BroOWth?.........2 eccsccsccncecvnuruncsnnsces 
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Did you examine the roots for nodules, if so, did you find Many?........-..eeeeee eee renee eee eeees 
What treatment did you give the field the first season after seeding?..........-. 050 e eee e eee eeeneee 


Ce PeCu a Ce CS ee ee ee a 


Have you disced your alfalfa, if so, with what resultS?.........sseeeecce er ecee es esecerecerecnees 
How many times do you cut your alfalfa im @ SCASON?... 1... cece eee reece eect reece rer ncscrsseeere 
What is your total yield of hay per acre?.......... 8 A nic PESO ODO CTD CICLO UAL RDS DPA o 
What is your estimated feeding value of the hay per ton?.......... 2. es eeeee rece cece errr ecsceens 
Have you pastured cattle or sheep on alfalfa, if so, with what results?.........--..+ee eee eeeeeees 
Have you pastured hogs or other stock on alfalfa, if so, with what results?...........-.--..+ee00-- 


What is the total acreage of alfalfa on your farm at the present time?............ 0. cece cece ee eeee 
Do you require additional blanks to report other fieldS?.........0-.-s eee e eee e rece cere eee eeeeee 
What is your estimate of alfalfa as a farm crop in your section of the state?..............-2-0-e0s 


Fig. I. A plot of alfalfa on the college farm which has produced an average yield of 5.2 toms per acre 
during the past 4 years. 


The first of these blanks were sent out in August, 1911. About seventy 
per cent of the seedings first reported upon were seeded previous to 
1911. In August, 1912, a second blank was sent out to all who reported 
in 1911, so as to get additional data from the same fields. At the same 
time blanks were sent to a new list of alfalfa growers. The data for this 
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TABLE I.—RESULTS OF SEEDING ALFALFA BY COUNTIES. 
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Counties. 


PACH. eet eh chic eee nits 


se 0p sw ete aa' oi99\ eis) = vies «iele 
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TABLE 1I.—Ooncluded. 


Percentage of reports graded as 
No. of 
Counties. seedings 
reported. 
Good. Medium. Poor. Failure. 

OBEMAW coc sale cietecaevseciune sys « 4 50 25 Pin | etotatst ects steletets 
RETO EE, oa cach cles ee tee ous tee 20 45 20 30 5 
IPTESQUCG ISG: cae nero cus ick eiete 8 62 13 Du let okorererstalniatnes 
SERIA We oerere ig eicles, eects shore onus 5 20 20 40 20 
ESIC LEIP, oie clouonstenei ates sLetayeses 34 44 27 17 12 
SSeRLOSOD Minn elects aeitusieraleyoset cic 10 60 20 20} | Sera ciasteyeeiee s 
TUE Cotetacetetoctaccacs sisysidhesevesale 16 wo 13 LDS || dco cistexo fete oxen 
CHOOLCTALU rer. wie renictecseoel exc c PA Re avenctowe: a torerevers|| "arch overereratoh otters TOO Eee 
STISC Ole pcterteete olexacuayeleisveke eieeh 7 57 Eel eee re aetes > eer reas eee: 
Wan BUTEM Gry scirrcletsholeus pelerare 24 46 25 25 4 
WASHED A Weyccierostocie sue acca 18 23 22 50 5 
WOM MGS 6 Dea ON OAc ge cniome 20 35 35 25 5 
WEXTOTG) foe sacosyarouere ry. sisints 0 e)lere 40 30 47 Q3y \|iscageeeteyelesuete 


bulletin is based mainly upon these reports representing 701 different 
seedings and a total acreage of approximately 4065 acres. Much supple- 
mentary data has also been gathered by the College field agent, who 
has visited several hundred alfalfa fields each season for the past three 
years and made careful records of methods of seeding, condition of 
crop, etc. Seventy-three of the eighty-three counties of the state are 
represented in the reports. Table I gives the number of seedings reported 
upon and the results with which the seedings have been made in the 
different counties. The number of seedings reported must not be taken 
as an indication of the number of fields seeded to alfalfa in the several 
counties, as in most of the counties there are now a large number of 
seedings upon which reports have never been made to the College. 


CAUSES OF FAILURE OR POOR RESULTS IN SEEDING ALFALFA. 


The reports from farmers were first carefully graded as to whether 
the seedings produced good, medium or poor results or failure. Answers 
to several of the questions were studied in making these grades. In 
some cases it was difficult to determine the grade but it is thought that 
on the whole the grades represent fairly well the true conditions. So 
far as possible the grading of the reports of 1911 seedings (in regard to 
which there was most doubt) have been checked up by the 1912 reports. 
The reports that were graded poor or failure were then carefully studied 
as to the most conspicuous causes of these conditions, Table II giving 
the results of this study. 


TABLE II.—PRINCIPAL CAUSES OF POOR RESULTS OR FAILURE IN SEEDING ALFALFA. 


Poaorpreparationh O1Lgsced seca meses ots mrcretenonsl sys ots og sekeraTorny ais ataiolere casi nea oes ee eer 
AAC KZOLNMOCUIALLOU Sere cayc ora ee ncestar nicks erate ayaa yes Grape Sn Sc seg TORI TAS ct hoe Ee 
\OSAT RATS La Woe aSS Fate ec ie a eeierire  Biary Sens Puen ie Na li A ie On any ee aa Ae nee 
AGGIES 8 Bid Ac 5 Blo Site SRS CIA SOCor Re TO ait si. ERG Ete cic cect Gane SiS eran tre Scare a a oe 
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It will be noticed by the above table that the largest percentage of 
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unsuccessful seedings resulted from insufficient preparation of the seed 
bed. To this number should be added the percentage of failures due to 
weeds as the weeds are the result of poor preparation of the seed bed. 
Failure to secure sufficient inoculation also accounts for a large percent- 
age of the unsuccessful seedings. Twelve and four-tenths per cent of the 
failures were caused by winter killing. About 6.2 per cent of the 
total number of seedings were partially or wholly winter killed. 
The figures in the table indicate little as to whether the use of a nurse 
crop is advisable, but they show that in 4 3-10 per cent of the unsucess- 
ful seedings, the use of the nurse crop was the principal cause of failure. 
The department’s study of alfalfa fields over the state indicates that acid 
conditions of many Michigan soils account for many of the poor results 
in seeding alfalfa, but in most cases in the study of these reports it 
was either not the most conspicuous factor of failure or the lime was 
put on or left off the entire field so that the reports furnished little data 
on this point. 


INFLUENCE OF TYPE OF SOIL AND CHOICE OF LOCATION FOR SEEDING ALFALFA. 


In Table III the reports are classified according to the type of soil 
and subsoil and the groups are arranged in order of the percentages of 
successful seedings. In the first column of figures the number of seed- 
ings on the different types of soil are shown and in the last four columns 
are shown the results of seeding on the different types of soil. 


TABLE III.—INFLUENCE OF SOIL IN SEEDING ALFALFA. 


Percentage of seedings graded as 
Number 
Soil. Subsoil. (of seedings 
reported. 1 
Good. Medium. Poor. Failure. 
MATER Sate ci crote\ sp ’eqe cfs! so urets sous URN ciel 12 Vea A 18.3 9.0 0 
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1 


A classification of soils made by so many different parties must neces- 
sarily be somewhat inexact and doubtless some of these soils classified, 
for instance, as sand or sandy loam in one section of the state may be 
quite different from soils given the same classification in another section 
of the state. In one section the heavier soils and in another section the 
lighter soils may give best results. 

Still some valuable information may be gained from these data. All 
the soils containing gravel either in the surface soil or subsoil, with 
the exception of the sand with a gravel, probably in most cases a sandy 
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gravel subsoil, have given very good results. It is believed that these 
soils are well suited to the growing of alfalfa largely because of the 
good drainage to a sufficient depth to allow the deep root system of the 
alfalfa to develop. The sand soil with either a sand or gravel subsoil 
have given the poorest results, probably because of their relatively low 
state of fertility and their poor water holding capacity. It will be 
noticed that alfalfa is being grown successfully on all the types of soils 
and that on most of the types a fair percentage of the seedings have 
been successful. 

In choosing a field of the farm for the growing of alfalfa, it is im- 
portant to avoid poorly drained soil or that in which the water table 
lies within three or four feet of the surface. Likewise soils underlaid 
with rock or other impervious strata within a short distance of the 
surface should be avoided. However, most of the so-called hard pans 
of Michigan are not too hard for the alfalfa roots to penetrate when 
there is plenty of moisture in the soil. Muck soils and heavy inpervious 
clays are poorly suited to the growing of alfalfa. 

Other things being equal the fertile soils are preferable to the in- 
fertile ones. In sections of the state where the lighter soil types prevail, 
the seeding of alfalfa is quite commonly a failure because of the un- 
productiveness of the soil. While the alfalfa after it is well established 
in the soil is a very hardy plant, it is very tender and very slow to develop 
in its early growth. Alfalfa is a very valuable crop on these lighter 
types of soil if a good stand can be secured and the alfalfa can be made 
to survive the first one or two seasons, but it is not advisable to sow 
alfalfa on many of these soils until some means are taken to improve 
them. Not only is the plant food lacking but there is very little organic 
matter and only a very limited water holding capacity. The best way 
to build up a soil of this type is to grow rye, vetch or other crops for 
plowing under. 

In the better agricultural sections of the state it is frequently ad- 
visable to seed the alfalfa on the higher, lighter lands of the farm, be- 
cause this land is well drained, because the alfalfa will do very well on 
land of this type and because this plan will leave the best land of the 
farm to be devoted to other crops. 

So far as previous cropping is concerned, alfalfa may follow any 
crop of the farm providing a sufficient length of time is taken to prepare 
a suitable seed bed. It is not, however, advisable to break up sod, 
especially a June grass sod and seed alfalfa, since the sod is not apt 
to be sufficiently decomposed or the grass completely eradicated before 
seeding alfalfa. A cultivated crop, such as potatoes, corn, or beans in 
which thorough cultivation has been practiced is well suited to precede 
alfalfa. Alfalfa may also follow any of the small grain crops but it is 
not usually advisable to attempt to seed the alfalfa the same season, 
as the grain crop generally leaves the field in a rather dry condition so 
that it would be difficult to prepare a good seed bed sufficiently early. 


PREPARATION OF THE SEED BED FOR ALFALFA. 


In Table IV is given a summary of the reports based on the firmness 
of the seed bed, this condition being judged by the answers to this ques- 
tion and also those on the methods and length of time used in preparing 
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the seed bed. In Table V is given another summary, based on the length 
of time in which the seed bed was in course of preparation. In these 
tables the importance of having a firm seed bed is clearly indicated 
and in the latter is shown the difficulty of securing this conditior in 
the seed bed prepared in a short time. These data are borne out by 
observations of many alfalfa fields in which the stand has been better 
and the growth more satisfactory where the horses had turned or where 
the field for any reason had been more thoroughly firmed. 

Another very important consideration in preparing to seed alfalfa 
is the eradication of the weeds. The alfalfa seed is rather s!ow to germ- 
inate and the young plants make a slow growth for sometime. As 
demonstrated by the Kansas Station about 14 of the plants in a normal 
stand of alfalfa die out in the first one or two years. Many of the 
weeds, especially such grasses as June Grass and quack grass are vigor- 
ous crowders and if they once get a foothold will, after a time, take 


TABLE IV.—INFLUENCE OF SEED BED IN SEEDING ALFALFA. 


= - Percentage of reports graded as 
0. 0 

Condition at time of seeding. seedings 

reported. : 
Good. Medium. Poor. Failure. 
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TABLE V.—INFLUENCE OF SEED BED IN SEEDING ALFALFA. 


Percentage of seedings graded as 


No. of 
Length of time in preparing seed bed. seedings 
reported. 
Good. Medium. Poor. Failure, 
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possession of the field. Unlike the seeding of clover it is generally de- 
sirable to leave a good stand of alfalfa for several years. For these 
several reasons it is important to have the weeds more thoroughly 
eradicated than for other crops of the farm. It is not sufficient simply 
to have a seed bed free from weeds at the time of seeding but the soil 
should be cultivated long enough after plowing to germinate and destroy 
most of the weed seeds in the surface soil so that the alfalfa shall have 
but little competition from the weeds until it is sufficiently well es- 
tablished in the soil to make a rapid growth. 
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On the heavier types of soil, and in fields that are inclined to be foul, 
it is advised that the seed bed be prepared in the following manner: 
Plow late in the fall or as early as convenient in the spirng, roll and 
harrow, or harrow twice, immediately following the plow. Harrow once 
each week until late spring or early summer, when a good seed bed will 
have been prepared. The tramping of the horses and the rains falling 
during the spring months will have thoroughly firmed the soil under- 
neath, the surface soil will be in a good tilth, the weeds in the surface 
soil will have been rather thoroughly eradicated and enough moisture 
will have been conserved to germinate the seed soon after sowing even 
though the seeding is done in a dry time. 

In the earlier spring seedings the same method should be carried out 
so far as possible. In this case it is more important to plow in the fall 


Fig. II. Alfalfa crowns. Notice the tap root, the large number of stalks and that some of the branches 
appear below the surface of the soil. 


but the soil should receive no other treatment until spring. A very good 
seed bed may be prepared without plowing, in fields which have received 
very thorough cultivation in a cultivated crop the preceeding season, 
or the alfalfa may follow to advantage a crop of early potatoes with 
little extra preparation of the seed bed. The condition especially to be 
avoided in seeding alfalfa is the loose, open seed bed, such as is pre- 
pared in plowing only a short time before seeding. 


USE OF MANURE IN SEEDING ALFALFA. 


On the seed bed which is in course of preparation for some time the 
use of manure is advisable. It may be applied before plowing and 
turned under or it may be applied soon after plowing and incorporated in 
the surface soil by harrowing. In either case the manure would add 
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plant food to the soil, which is quite important under certain soil con- 
ditions and in the latter method would act also as a mulch and as a 
protection to the young alfalfa. On the seed bed which is prepared in 
a short time it is not advisable to use manure as a top dressing, be- 
cause of its introduction of weed seeds and not, at least as a heavy 
coat, for turning under as it would tend to hold up the furrow slice 
and allow it to dry out. Another method of applying manure that is 
giving very satisfactory results is to spread with a maaur2 spreader in 
the fall at the end of the season’s growth. This is especially advisable 
in rather late seedings or when seeding on exposed fields which would 
be apt to winter kill badly. 


USE OF FERTILIZERS IN SEEDING ALIPALFA. 


The large percentage of successful seedings reported and the small 
percentage of these in which commercial fertilizers have been used, 
indicate that its use is not as essential as the preparation of a suitable 
seed bed, inoculation with the alfalfa bacteria and several other factors. 
(Commercial fertilizers were used on 18.8 per cent of the total number 
of seedings reported upon.) There are doubtless conditions under which 
the judicious use of commercial fertilizers will enhance the chances of 
success in the seeding of alfalfa. Under other conditions fertilizers 
may be used with little if any apparant effect and certainly the use of 
fertilizers as a panacea for all the troubles of alfalfa growing is sure to 
result in a good many disappointments. This is a matter largely de- 
pendable upon local conditions. No attempt is here made to give any 
recommendations in regard to the use of fertilizers which will apply 
generally to farm conditions. It is suggested rather that simple ex- 
periments be conducted to learn what fertilizers, if any, may be used . 
with profit under local conditions. 

As a means of stimulating a more vigorous growth in new seedings 
of alfalfa, the use of 200 Ibs. per acre of a complete fertilizer, such 
as a 2—8—6, for sandy or sandy loam soils, and a 2— 10— 4 for clay 
or clay loam soils is suggested. Other fertilizers of different analyses, 
both complete and incomplete, might also be included in the experi- 
ment. 

Alfalfa has in numerous instances throughout the state produced 
satisfactory crops of three to five tons per acre on light loamy or gravelly 
soils of apparently low fertility and continued to do so for periods of 
five to fifteen years or more, so that there would seem to be little need 
of applying fertilizers after the alfalfa is well established in the soil. 
Since alfalfa is a leguminous crop, the supply of nitrogen would doubt- 
less be maintained by the fixation of nitrogen from the atmosphere. 
Certainly it would not be a profitable investment to buy commercial 
nitrogen for applying to alfalfa fields after the first year. Some of the 
lighter Michigan soils, however, contain a rather low supply of phos- 
phoric acid and this would tend to become exhausted by the continual 
removal of the crops. Our clay soils should contain a sufficient supply 
of potash for the production of satifactory crops for an indefinite period. 
The sandy soils which contain very little clay should, however, be bene- 
fitted by the application of potash. These requirements may be supplied 
in part at least by the application of a coat of well rotted manure an- 
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nually. The application of 200 to 250 pounds of acid phosphate or 100 
or 150 pounds of steamed bone meal might be applied as an experiment on 
clay soils, as might also the same fertilizer with the addition of 75 to 
100 pounds of muriate of potash on the sandy soils. 


USE OF LIME IN SEEDING ALFALFA, 


Only about twenty-five per cent of the farmers who filled out the report 
blanks used lime at all and over one-third of these applied it at less 
than 1000 pounds per acre. It is, therefore, evident, considering the 
large percentage of successful seedings, that the use of lime is not an 
essential factor in the seeding of alfalfa on many of the farms in Michi- 
gan. It is just as evident, however, as shown by many observations 
about the state and by numerous reports from farmers that, under cer- 
tain soil conditions, the use of lime is quite essential to the growing of 
this crop. 

Table VI shows the summarized results of the use of lime as compared 
with no lime. 


TABLE VI.—INFLUENCE OF LIME IN GROWING ALFALFA. 


Percentage of seedings graded as 
No, of 
Treatment. seedings 
reported. : 
Good. Medium. Poor. Failure. 
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It is sometimes difficult to tell by preliminary study whether an ap- 
plication of lime is needed before seeding alfalfa. If the surface svil 
contains small shells or small pieces of limestone, it probably is not in 
an acid condition. Pebbles that are thought to be of limestone origin 
(and also the soil itself) may be tested by pouring on a smal! amount 
of hydrochloric or other acid. If an effervesence or bubbling takes 
place it indicates an alkaline condition, and an application of lime 
is not necessary. When much difficulty is experienced in producing 
satisfactory crops of red clover, it may be taken as an indication of 
some unfavorable condition, possibly an acid condition of the soil. 
The use of litmus paper is often of value in determining whether lime 
is necessary. In order to make this test, the blue litmus paper, should 
be purchased at a drug store, and the strips placed in the moist soil 
in various parts of the field and left there for five or ten minutes. 
If the paper turns to a reddish color it is said to indicate an acid 
condition of the soil. This, however, is rather a crude test and may 
be misleading either from the fact that the blue dye may be absorbed 
by the soil, leaving the paper red or because much of the litmus paper 
on the market is not sufficiently sensitive to determine slightly acid 
conditions of the soil. By far the most satisfactory method of de- 
termining this point is to apply lime on a portion of the field where 
alfalfa is being seeded. It is recommended that this be done in all 
cases of seeding alfalfa for the first time on the farm. The results of 
such a test will on the whole direct the farmer wisely in future seedings 
of alfalfa. 
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There are several forms of commercial lime which may be wsed to 
correct the acidity of the soil, the most important of these being as 
follows: ground limestone, or the finely pulverized raw rock; burned 
lime, or quick lime, which is produced from the raw rock by burning, 
the hydrated lime which is the product of the application of water 
to the burned lime; and the air slacked lime, which is the burned lime 
which has been exposed to the atmosphere and has partially reverted 
to the hydrate and carbonate forms. The refuse lime from sugar factor- 
ies is much the same as the air slacked lime but con:ains in addition a 
small percentage of nitrogen, phosphoric acid and potash. Marl is 
another available source in many sections of the state. The choice of 
the form of lime depends upon the relative price, the chemical composi- 
tion, fineness of pulverization, cost of freight and hauling, ete. One 
hundred pounds of carbonate of lime, such as is found in the ground 
limestone and marl is equivalent to seventy-four pounds of hydrated lime 
and fifty-six pounds of burned lime. When marl or sugar factory lime 
may be applied without too great labor expense, these forms may be 
the cheapest that can be secured. In most sections of the state the 
ground limestone may be had at lower cost than other forms of com- 
mercial lime. 

The amount of lime required depends upon the degree of the acidity 
of the soil, but as this is difficult to determine, it is recommended that 
the lime be applied at the rate of at least two tons per acre of the ground 
limestone or its equivalent in the other forms. There is no danger of 
applying too much of the carbonate forms up to several tons per acre and 
if a medium heavy application is made the value of the application is 
more certain to be determined and any soil acidity which may exist 
in the soil will remain corrected for a longer time than if a light ap- 
plication be made. 

One of the most satisfactory methods of distributing the various 
pulverized forms of lime is to use one of the modern lime distributors, 
of which there are several on the market. Another satisfactory method 
is to use the manure spreader, filling the box about 14 full with manure 
and filling the remainder of the box with the lime. Fertilizer attach- 
ments to grain drills are sometimes used but this method is not so 
satisfactory when it is desired to apply a fairly large amount per acre. 
If the burned lime is the most convenient form to secure, this should 
be placed in small piles in the field until it absorbs enough moisture 
from the soil and air to become finely pulverized and then it may be 
spread with a shovel. 


INOCULATION OF ALFALFA. 


There is no question as to the importance of the bacteria which are 
associated with the various leguminous plants. In the absence of the 
bacteria the nodules do not develop on the roots and the plant is not 
able to take its nitrogen from the atmosphere. The legumionus crop 
thus becomes a soil robber the same as the non-leguminous crops and 
the growth is apt to be stunted and the crop unprofitable. 

The red clover is so commonly grown in the Northern states that 
the bacteria which are associated with this species are thoroughly dis- 
seminated and artificial inoculation is generally of little if any value. 
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Alfalfa, however, is a new crop, with few exceptions never having been 
grown in the same field before, hence the need of introducing the bac- 
teria artificially. The lack of inoculation has been found to be respon- 
sible for a very large percentage of the failures in the earlier seedings 
of alfalfa in Michigan. Even at the present time when aifalfa is being 
seeded so commonly and the chances are so much more fayorable for 
inoculation by natural means, the artificial inoculation is practically 
essential to the securing of a successful seeding. 

There are several ways in which the bacteria may be introduced into 
a new field e. g. by the application of soil from a field which has 
grown one or more tubercle bearing crops of alfalfa; by the use of 
pure cultures, which are generally applied to the seed; by the bacteria 
being carried by the seed from the old field to the new; by the growth 
of closely related species with which the same bacteria are associated ; 
by the application of alfalfa manure; and by various natural means, 
such as moving water, wind, ete. The chief objections to the first 
method are the possible introduction of noxious weed seeds and in some 
cases the cost of transpertation and application. This method has, 
however, given very satisfactory results, the farmers’ reports as sum- 
marized in Table VII indicating that it is somewhat more reliable than 
to use the pure cultures. In using this method care should be exercised 
to get soil in which tubercle bearing plants are growing and to avoid 
exposing the soil to the sunlight. It is preferable to apply it on a 
cloudy day or at dusk and cover at once. The more of the inoculated 
soil that is applied the more certain of having sufficient bacteria so 
that every plant will develop the nodules in its early growth, but in 
case the soil is secured at considerable expense 400 or 500 Ibs. per 
acre will answer very well. The use of pure culture is by far the most 
common method of inoculation now being used. It is inexpensive, easy 
of application and gives very satisfactory results. 


TABLE VII.—INOCULATION FOR ALFALFA. SOIL VS. NITRO-CULTURE. 


Percentage of seedings reported as 
No. of 
Method of inoculation. seedings — 
reported. 
Good. Medium. | Poor. Failure. 

By soil from old alfalfa field or sweet clover 
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There are always some bacteria carried by the seed from the field 
where the seed was produced. This accounts for the small spots of 
alfalfa of rank, healthy growth frequently seen in the yellowish stunted 
growth of the uninoculated field. If the alfalfa survives for a year or 
two until the bacteria in these spots are disseminated by natural means 
a satisfactory stand may result. but this method should never be depend 
ed upon when alfalfa is being seeded on the field for the first time and it 
is desired to secure a full stand of alfalfa. A most excellent practice, 
however, is to seed a small amount of alfalfa with the regular seeding 
of clover each year, as the bacteria introduced in this way will spread 
naturally and produce a thorough inoculation by the time it is desired 
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Fig. III. Showing the root and tutercle formation in young alfalfa plants. Notice that some of the 
tubercle ares about the size of a pin bead, while others are joined together in large clusters, 
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to seed alfalfa as a regular crop in the field a few years hence. In 
following this practice the seed should be treated with the nitro- 
culture the same as though a full stand of alfalfa were desired. 

The last three methods of inoculation are not frequently employed 
by the farmer but help to explain why some fields in which none of 
the common methods of inoculation have been used, produce an abund- 
ance of tubercles from the first. As the expense is so little and the 
risk of partial or complete loss of crop is so great in case the bacteria 
are not present, artificial inoculation should by all means be used 
whenever alfalfa is being seeded for the first time in the field. Soils 
that have grown satisfactory tubercle bearing crops of alfalfa harbor 
the bacteria for an indefinite time so that if alfalfa is seeded 
again in the field even after several years, the nodules will develop on 
the roots in abundance. 

DATE OF SEEDING. 


In studying the date of seeding alfalfa the reports were first classi- 
fied according to the nature of the soil with the thought that different 
dates of seeding might be found to be best under the different soil 
conditions. The data from the seedings made on light infertile soils are 
included in Table VIII while those from the medium and heavy soils 
are included in Table IX. 


TABLE VIII.—DATE OF SEEDING ALFALFA.—LIGHT SOIL. 


Dates of seeding. Nee fe ee ce Ee OU cea es ead arma 
reported. Good. Medium. Poor. Failure. 
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TABLE IX.—DATE OF SEEDING ALFALFA.—MEDIUM AND HEAVY SOIL. 
Dates of seeding. Sea ee Percentage of seedings graded as 
reported. Good. Medium. Poor. Failure. 
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The following conclusions may be drawn from these data: The 
date of seeding varies from very early spring until about the middle 
of September, the months in which alfalfa is most commonly seeded be- 
ing May and June, with the latter half of June as the most popular half 
month. Aside from the fact that the late August and September geed- 
ings have been less satisfactory than the earlier seedings, the date of 
seeding is not of much importance as compared with the preparation of 
the seed bed and several other factors. On the medium and heavy soil 
types especially, the early summer seeding may be safely recommended, 
the chief advantage in seeding at this time being that the seed bed may 
be more thoroughly prepared and the weeds more thoroughly eradicated 
than in the earlier seedings, and the alfalfa will make a larger growth 
and be in a better condition to survive the winter than the late summer 
or fall seedings. 


Fig. IV. A productive field of alfalfa near Holton, Muskegon County. 


While the data in Table VII does not indicate strongly any particular 
date of seeding as best, it is probably true that on light soils where a 
summer drought is apt to be very serious, the early or middle spring 
is as favorable a time as any for seeding, providing a fairly favorable 
seed bed can be prepared. 


USE OF NURSE CROP VS. SEEDING ALONE. 


A summary of the data on the use of nurse crops in seeding alfalfa 
is presented in Table X. Fifty-two per cent of the early (spring) 
seedings, over ninety of the early summer seedings, over eighty-five per 
cent of the late summer and fall seedings, and seventy-five per cent of 
all the seedings were made without a nurse crop. A consideration of 
these facts and the large percentage of the seedings that were success- 
ful would indicate that the use of a nurse crop is not an essential 
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factor in the seeding of alfalfa in Michigan. In the seedings made 
before June Ist, slightly better results have been secured with a nurse 
crop than without, but in both the early and late summer seedings, 
much better results have been secured without than with a nurse crop. 
_ Oats, barley, wheat, rye and buckwheat were reported as having been 
used as nurse crops, but no conclusive data can be elaborated in regard 
to a choice between these. 


TABLE X.—INFLUENCE OF NURSE CROP IN SEEDING ALFALFA. 


ee Percentage of seedings graded as 
- Nurse crop or pe 
Date of seeding. - 4 seedings © |2>—$yNANMNNDNBAo 
without nurse crop. reported. 
Good. Medium. Poor. Failure. 
Before June ist. NurseyeroOpyy.. ses sisle 103 41.7 | 37.9 18.4 1 Pa 
Without nurse crop. . TVS 41.6 23.1 27.4 7.0 
— —— =| ——— 
INUTSEICLOPK mca ie ee > 23 39.1 26.0 | 26.0 9.0 
June 1st-to July 31. _———A  —_|_—————_ 
Without nurse crop. . 226 43.4 31.4 ile gay 4.0 
September Ist and INUTSE (CLOPeee soi. ein ote 13 15.4 15.4 | 53.8 15.4 
BEERS ola note 2 3 Without nurse crop. . 78 40.0 26.9 24.3 9.0 
4 "Nurse crop......... 139 39.0 34.0 23.0 4.3 
HO See Without nurse crop. . 417 44.3 28.5 21.3 5.8 


Under favorable conditions of seeding the use of a nurse crop would 
not seem to be advisable. The young alfalfa needs no protection from 
the sun and is more abundantly supplied with moisture and plant 
food when seeded alone than when seeded with a more vigorous grow- 
ing plant to compete against it. On very light soils that are apt to be 
moved by the wind and on steep hillsides that are subject to washing, 
a nurse crop should of course be used. The nurse crop may also be 
advisable on fields that are in course of preparation for only a short 
time and the weeds not thoroughly eradicated. Under these con- 
ditions the nurse crop may assist in holding the weeds in check, and 
may be more easily eradicated and less objectionable generally than 
the common weeds. Very late seedings that are apt not to be in hardy 
condition at beginning of winter, may be somewhat protected by the 
seeding of a nurse crop although it is considered better to seed alone 
and apply with manure spreader, after a few weeks, a medium coat 
of well rotted manure to protect the young plants through the winter. 

Two of the best crops for use as nurse crops in spring seedings are 
the fall wheat and rye as the growth is not as vigorous or the alfalfa 
as thoroughly shaded as with the use of spring grains. Beardless bar- 
ley is more satisfactory than oats. 

’ The nurse crop should be cut for hay rather than harvested for 
grain, as in the latter case the alfalfa is apt to remain spindling and 
tender until the nurse crop is removed, when it is exposed to the sun 
during the hottest part of the summer and is apt to die out badly. 

37 
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DRILLING VS. BROADCASTING OF ALFALFA, 


Approximately twenty-two per cent of the seedings were made with 
a drill and the remainder were sown by hand or with a broadcast seeder. 
In many of the seedings made with the drill, the drill was followed by 
a harrow or the seed was distributed by the seeder attachment in front 
of the drill so that they were essentially broadcast seedings. The data 
on the exact method of seeding is insufficient to justify its presenta- 
tion in tabular form and the drawing of definite conclusions from 
the same. It may be said however, that the drilling (dropping the 
seed through the grain hose) has the advantage over the broadcast 
method in that practically all of the seed may be placed at the proper 
depth in the soil and that a somewhat lighter seeding will give equally 
good results. In a few cases alfalfa has been drilled deeply on heavy 
soil, followed by heavy rains which has prevented the alfalfa from 
coming up. On medium or heavy soils the seed should be put in to a 
depth of about 1 inch and on the light sandy soils, to a depth of 1%4 
to 2 inches. 

RATE OF SEEDING ALFALFA. 


vTable XI shows the number of seedings which have been made at 
different rates and the percentage of good, medium and poor seedings 
and failures in each class. It may be noted from the table that ap- 
proximately one-half of the seedings were made at the rate of sixteen to 
twenty pounds per acre, one fourth at thirteen to fifteen pounds per 
acre and one tenth at ten to twelve pounds per acre, there being very 
few seedings at less than ten or more than twenty pounds per acre. 
The average rate per acre was 17.8 pounds. 


TABLE XI.—RATE OF SEEDING ALFALFA. 


Percentage of seedings graded as 
Number of | 

Rates of seeding. seedings = |_——_——————— 

reported. \ } 

Good. Medium. Poor. Failure. 
ess than’ FO POunGs ® 52/00 2... dete stew 16 43.8 or.o0 18.8 00 
LO COVES PIOUIOS so ace, state ei oe ype elbl oxen eit 54 35.2 22.2 37.0 5.5 
WET LO ALO SPOLMUS tat acti cies ics ee titers 136 Soe 39.6 22.1 6.1 
BONGO 2 NOUNS | 0% Seka cs sete s Suites 2 | 251 43.4 25.9 2539 4.8 
GOs JDOUTIOS = c.che cleo aalelcteuy ote overs } 26 50.0 27.0 19.0 3.8 
OVED SbIpPOUNGsis irae oe ss cles Siva ees 29 41.3 34.5 Ty ees 6.9 
} 

ae = 
TOUR rina ccicin kere) ole ee retarstekat te te, ois DUD INS sta tese wicehe c'|/ai0.e & avo 'etererail ety score tara pone’ e | Saber cane 


The above data does not indicate that the rate of seeding within 
certain limits is a very important factor in the seeding of alfalfa. A 
pound of alfalfa seed contains approximately 150,000 seeds so that 
a seeding of ten pounds per acre is equivalent to thirty four seeds per 
square foot. It may be readily seen that this application, or even five 
or six pounds per acre, is sufficient if the seed is good, if it is evenly 
distributed and if covered to the proper depth on a well prepared 
seed bed. However, on account of the difficulty of securing conditions 
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that are ideal in all respects, it is doubtless safe as a general recom- 
mendation at least, to advise the use of ten or twelve pounds per acre. 


TYPES OF ALFALFA. 


There are no commercial varieties of alfalfa which would correspond 
to the different varieties of corn, oats and other cereal crops, the alfalfa 
being a mixture of several more or less distinct types. These types vary 
considerably in their habit of growth, production, adaptability, etc., 
and offer a splendid field for selection. The Experiment Station has 
devoted considerable attention to the breeding of new strains of al- 
falfa which are better suited to Michigan conditions and this work has 


Fig. V. Showing different types of alfalfa. The plant on the left is erect, the one on the right is 
semi-decum bent. 


progressed far enough to allow a limited distribution of seed (beginning 
in 1911) of some of the pure strains developed from the more promis- 
ing of the individual plants in the breeding plots. 

Alfalfa may conveniently be divided into three types: The Medicago 
Sativa or common alfalfa which is erect or nearly so, and has a blue 
flower and spiral shaped pod; the Medicago falcata, which is inclined 
to be decumbent and has a yellow flower and crescent shaped pod, and 
the variegated alfalfa, which is supposed to be the result of the crossing 
of the above two types and which is fairly erect and has a variegated 
blossom and is intermediate as to form of pod. 

The Medicago Sativa is by far the most commonly grown in this 
country. The Medicago falcata, while possessed of more hardiness than 
the common alfalfa is not popular for general use because of its de- 
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cumbent growth and moderate yield. The variegated alfalfa is repre- 
sented by the Grimm alfalfa, much of the commercial Sand Lucerne 
and some of the seed from Germany, Canada and other sources. The 
variegated alfalfa is generally known as a hardy, productive and an all 
round desirable type, but as it is not generally known among the farmers 
and as the common alfalfa has given satisfactory results, it is not very 
generally grown. 

There are also many regional types of alfalfa whose characteristics 
have been acquired by long continued culture under conditions pre- 
vailing in certain regions. Examples of these are found in the Arabian 
alfalfa, the Puruvian, the German and the Turkestan. Many of these 
are very poorly adapted to growing in the United States; others de- 
veloped under similar but somewhat more severe conditions are hardy 


Fig. VI. A view of scme of the alfalfa breeding plats at the experiment station. 


and well adapted to growing here. Conditions governing the produc- 
tion, importation and sale of alfalfa seed, however favor the general use 
of American grown seed. 

Approximately 42% of the alfalfa growers reporting, purchased seed 
which was claimed to have been northern grown and Table XII shows the 
results with which these seedings were made as compared with those 
in which the sources of seed was not specified. In many of the latter 
class, northern grown seed was undoubtedly used. 


TABLE XII. 


i Percentage of seedings reported as 
Number of 
Source of seed. seedings 


reported. ; 
Good. Medium. Poor. Failure 
| 
pa DS See. 9 a Rs a Eee ee : a 
NOPCHGET PLOW ie na 79.b opal a 8 - wim niack pints 172 49.4 30.8 | 16.3 3.5 
Solirce slot specified a2 6i. Pink. aes es 331 40.8 29.6 | 23.5 6.1 
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The above data would seem to indicate that the northern grown seed 
is better for seeding under Michigan conditions than that grown in the 
middle and southern states. This is as should be expected, as alfalfa 
seed is usually produced on fields that are several years old and if 
erown in the north would come from the more hardy plants which 
have survived several winters and not from, the less hardy plants 
which might have survived and produced seed in the southern states. 
It is recommended that farmers use the northern grown seed whenever 
obtainable. Seed grown in the Pacific coast states should be avoided 
because of the presence there of a very serious disease called alfalfa 
crown gall. 


TREATMENT OF ALFALFA FIELDS THE FIRST SEASON. 


About the only treatment it is necessary to give to an alfalfa field 
the first season is to cut it at the proper time and to remove any 
vegetation which may be so thick as to smother out the young alfalfa. 
The alfalfa should be cut at the proper time for cutting older stands 
for hay; or before this time if the leaves begin to turn yellow and 
fall off. It should also be mown whenever the weed growth becomes 
so large as to be apt to choke out the alfalfa. The young alfalfa 
should be cut at the usual height, as otherwise the crowns will be 
formed high and will be cut off the next time it is mown. Fields seeded 
in the early spring may need to be cut as many as three times the 
first season, but in other instances one cutting will be sufficient, as 
the alfalfa may be injured by too frequent cutting. The last cutting 
should be made sufficiently early in the fall to allow additional growth, 
to act as a protection through the winter. Usually alfalfa may be cut 
safely as late as the first or middle of September. 

A top dressing of well rotted manure preferably applied with a 
manure spreader is of much value in protecting the alfalfa through the 
winter. It not only acts as a protection from the wind and cold but 

holds the snow as an additional protection. The heaving out of the 
young plants by alternate freezing and thawing is worst on very heavy 
clay soils and is more or less common on light sandy soils but is least 
serious on well drained loamy soils that contain considerable vegetable 
matter. The danger of heaving is materially lessened by the top dress- 
ing of manure or by leaving some vegetation on the ground. 


DISCING OR HARROWING ALFALFA, 


The cultivation of the soil after seeding, with a disc or other harrow 
has been practiced on eleven and one-fourth per cent of the seedings 
reported, but many of the stands were to young to harrow at the 
time of making out the reports. In Table XIII is given the data se- 
cured from this study. ; 


TABLE XIII.—EFFECT OF DISCING OR HARROWING ALFALFA. 


Classification of seedings. Number. Percentage. 
Fiptroweduwith: POOd TESUIESE 1.6.4 «<:cco-0, cvaievacciepepecaneeucteroueieporere- ee eis oxs.e Gisteneie 32 49.2 
arrowed with no apparent efect.. 1). 5 cc ee ceeetete he as tlc se ease cs 10 15.4 
HaITOWCULWiths poor Fesultssaieeoct te con Seite aes t shisee es hice s 1 1.5 
No report on results or ei SAT VECO COll mere-stevereiet-rcbeharefore clove c heosis Saterece oe 22 33.8 
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The following statements are based on data secured by the depart- 
ment from various sources. There seems to be no advantage in harrow- 
ing alfalfa the first two or three years after seeding, in fact there are 
many old fields that have never been cultivated which are producing 
abundantly and are.in an ideal condition. The harrowing of old stands 
that are inclined to be thin may, however, be advantageous because of 
the destruction of weeds, the aeration of. the soil and the creation 
of a soil mulch to conserve the moisture. Some writers have recom- 
mended discing on account of splitting the crowns of the alfalfa, but 
a careful examination of disced fields fails to reveal any appreciable 
percentage of split crowns. Fields in which Kentucky blue grass is 
well established will not be put in a clean condition by cultivation 
but harrowing will be of considerable benefit in postponing the grassy 
condition, if done when the grass is just starting in small bunches 
over the field. The cultivation after seeding then will not take the 
place of thorough preparation of the seed bed, but will, in many cases 
at least, result in a larger production and prolong the life of the stand. 
The proper time to harrow is early in the spring before the new growth 
starts or immediately after one of the cuttings. The spring tooth har- 
row is one of the best implements for harrowing alfalfa as it may be 
used to make a deep mulch and will disturb the alfalfa plants but 
little. The disc harrow is also a satisfactory implement for this pur- 
pose but should be set rather straight and weighted to make it dig 
properly. An old stand may be harrowed several times, so that the 
field will have an appearance of a newly prepared seed bed with 
good results, but the harrowing should all be done at once as nearly as 
possible and within a few days after cutting. 


FUNGOUS DISEASES AND INSECT PESTS. 


There are a large number of fungous diseases and insects which work 
on alfalfa but no attempt will be made in this bulletin to describe and 
give methods of treatment for all of these. The alfalfa leaf spot and 
the grasshoppers are mentioned, as these are subjects upon which al- 
falfa growers frequently request information. 

The leaf spot or Pseudopeziza medicaginis (Lib) Sacec, is a fungous 
disease which is very common wherever alfalfa is grown. It may de- 
velop under all conditions of soil, season and weather and is present at 
least to a limited extent in practically all alfalfa fields. It shows the 
most marked development in moist weather, in the second or third 
cutting rather than the first, in the older growth more than in the new 
shoots and in new seedings in which the growth is stunted on account 
of some unfavorable conditions rather than in the older stands which 
are making a rapid growth. This disease is characterized by small, 
brown spots about the size of a pin head which appear on both sides of 
the leaf and along the stems but are more conspicuous on the upper 
surfaces. The lower leaves are the first to be attacked. Usually the 
leaves turn yellow and after a few days begin to fall off. 

While this disease is a very common one, it is not considered very 
serious; it may reduce the yield of a certain cutting but does not 
usually destroy the stand. Little is known as to the method by which 
the disease is carried from one field to another and no practical 
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methods have been discovered which will completely eradicate it. Fields 

that are attacked by leaf spot should be clipped soon after the lower 
leaves turn yellow and begin to fall off, or when the alfalfa stops grow- 
ing and the leaves are covered with brown spots, even though little 
or any of the yellow appearance develops. The cutting of the al- 
falfa will cause a new growth which will be less affected with the 
disease than the older growth and usually when conditions are favor- 
able, the new crop will make about the normal growth. 

While there are many insects that work on alfalfa, the depredation 
of the grasshopper is the most serious, especially on the light soil 
types of the northern part of the state. The new seedings of alfalfa 
frequently provide a succulent green growth when there is little other 
green growth in the neighborhood and it is especially subject to attacks 
of the grasshoppers, an entire field frequently being destroyed in a 
few days’ time. 

The following methods of combating grasshoppers are recommended 
by Professor R. H. Pettit in Michigan Bulletin No. 258. 

“Fall plowing.—This is the most efficient where it is possible at all. 
Plow the egg-pods under, burying some, and breaking open others so 
that moisture can get in, and exposing still others to the attacks of 
their enemies,—birds, shrews, etc.” 

“Poisoned baits——The second method is that of poisoned baits. Use 
either poisoned bran or the Criddle mixture. Poisoned bran can be 
used only in situations where stock and poultry are excluded. Neither 
should it be used where partridge or quail are likely to feed. It is 
merely bran poisoned with paris-green or arsenic, two pounds of paris- 
green to 100 of bran, moistened with water and a little molasses, so that 
the bran will just stick together when taken up with a spoon.” 

“Criddle mixture is horse-emanure mixed with arsenic and slightly 
salted. It is to be distributed about the fields in small masses. We 
all know of the fondness of grasshoppers for anything containing salt. 
They will even roughen fork handles in their efforts to get at the salt 
deposited on them with the perspiration. This mixture is recom- 
mended in Canada and in some of the western states. The proportions 
are about as follows: Paris-green, one pound; salt, two pounds, fresh 
horse-droppings, 100 pounds. The horse-droppings are usually measured 
out in a three-gallon pail. Five pailfuls being taken as a right amount 
for one pound of the poison. The salt is dissolved in a pail of water, 
the poison stirred in, and the whole mixed with the droppings in a half 
barrel.” 

WEEDS IN ALFALFA FIELDS, 


The worst weeds in alfalfa fields are the perennial grasses, such as 
Kentucky blue glass (June grass) and quack grass. In some sections 
of the state the late summer annual grasses such as crab grass, are 
serious pests. Both of these types of grasses after once being estab- 
lished in the field are very difficult of eradication, the only feasible 
method of control, especially for the first mentioned type, being a 
thorough preparation of the seed bed, as previously discussed in this 
bulletin. When the alfalfa field becomes unproductive because of the 
foothold gained by Kentucky blue grass or other perennial grasses, it 
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Fig. VII. Dodder growing on alfalfa. 


they make a larger growth the first season, which is apt to rob the 
alfalfa of most of its plant food, water and sunlight and may cause 
it to die. Usually weeds of this type can be beld in check by mowing 
two or three times during the season. If the alfalfa survives the first 
is advisable to plow the field and plant to corn or other cultivated 
crops, and seed alfalfa in another field. 

The larger growing annual weeds are not so serious, except that 
season, it usually makes such rapid growth the second season, that it 
holds these annual weeds in check. 
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While the dodder is not common in alfalfa fields, it is considered 
one of our most objectionable weeds if once introduced on the farm. 
There are two species which work on the alfalfa, the clover dodder, 
Cuscuta epithymum—Murr and the field dodder, Cuscuta arvensis— 
Beyrich. Both of these species are parasitic plants, the stalks twining 
about the alfalfa and robbing it of its nourishment by means of little 
rootlets or suckers which pierce the alfalfa stalks. The plant has no 
_ leaves (only small scales). It is usually noticeable because of its whit- 
ish flower clusters. 

Dodder is usually introduced in alfalfa seed and may be avoided if 
sufficient attention is given to the purchase of the seed. If the field 
is not large and there are only a few small spots of dodder, these may 
be destroyed by hoeing, but should be watched carefully throughout 
the season to see that more plants do not appear. If the dodder is 
found to be well scattered over the field, it is best to turn the entire 
crop under to prevent the formation of any seed. If any seed should 
be formed, it would not be advisable to attempt the growing of al- 
falfa in the field for a period of from four to five years. 


MAKING ALFALFA HAY. 


Alfalfa may be injured by too frequent cutting or if left too long 
without cutting will not produce the maximum yield or the best quality 
of hay. The proper time for cutting as determined by experiments in 
several states and by general experience is when it begins to bloom 
and the new shoots appear at the crown. Alfalfa growers are frequent- 
ly inclined to delay cutting on account of unfavorable weather or the 
rush of other work on the farm, but the above rule should be followed 
rather closely. If the cutting is much delayed, the new shoots are 
cut off and the following crop is retarded; the plants become more 
woody, the leaves begin to drop off and the hay is of much poorer 
quality than if the crop is cut at the proper time. 

In the making of alfalfa hay it is very important that most of the 
curing be done by the air and wind rather than by the sun. The alfalfa 
should be left in the swath until wilted but it should be raked be 
fore dry enough for any of the leaves to fall off. The curing should 
then be completed in the windrow and cock. The alfalfa may be put 
in the cock while still quite green, providing the weather permits it 
being left for several days until completely cured, the best quality 
of hay being made in this way. It frequently will be found, however, 
to be more practical to have the hay fairly well cured before cocking, 
or even to draw from the windrow. One is certain, however, to sacri- 
fice more or less of the feeding value when the hay is not cocked on 
account of the loss of the leaves. 

The tables below give the analyses of the different parts of the al- 
falfa plant and the proportion of total feed constituents found in the 
several parts. 
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TABLE XIV.—COMPOSITION AND DISTRIBUTION OF NUTRIENTS IN THE DRY SUB- 
STANCE OF HAY FROM ALFALFA CUT IN EARLY BLOOM—FIRST CUTTING. 


Yield ted 
Part of plant. per acre, Ash. Protein. Fiber. —free 
pounds. extract. 
Pinlles? cf... tilvalgee etemre nyse 28.38 9.01 10.74 42.17 37.14 0.94 
TPES <2 45 iis o)o < eicras terete os 18.56 14.33 24.05 13.81 41.82 5.99 
BIOWOIB Ss os .eiv ss wee oe eee 1.36 10.56 26.18 15.58 46.00 1.68 
Whole plant...........:.--. 43.31 11.10 16.30 30.53 | 39.23 2.92 
| 
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TABLE XV.—PERCENTAGES OF ASH, PROTEIN FIBER, ETC., IN EACH OF THE DIFFER- 
ENT PARTS OF THE ALFALFA PLANT, TO TOTAL AMOUNT OF THAT CONSTITUENT 
IN ENTIRE PLANT—FIRST CUTTING, EARLY BLOOM. 


Part of plant Yield Ash Protei Fib BAGS Fat 

art OF plant. per cent. sn. rotein. 1per. Deer . 
RMS << airs co So Dem e 58.75 47.69 38.73 81.17 55.68 19.03 
TeAVES... sc eee 38.43 49.62 56.74 17.39 41.01 79.34 
MIG WEIS! «2. ck que ee 282 2.69 4.53 as 3.31 1 63 


Kansas Bulletin No. 155. 


It may be noticed from the above tables that about one-half of the 
ash, about one-half of the protein and nearly 80 per cent of the fat, the 
most valuable constituents for feeding, are found in the leaves. The 
curing of the hay in the cock largely avoids the bleaching by the sun 
and the exposure to rains and dew. Prof. J. T. Willard, in Kansas 
Bulletin, No. 155, estimates from data from the Colorado Experiment 
Station that alfalfa exposed for fifteen days, in which time it was ex- 
posed to three rains, amounting to 1.76 inches, lost sixty per cent of the 
protein, one-third of the fat and forty-one per cent of the'nitrogen free 
extract. 

It would seem advisable for the alfalfa grower to provide himself 
with hay caps, sufficient to cover the hay on a part of his acreage. These 
should be made of factory, or similar cloth, about six feet square and 
will cost about fifty or sixty cents each, exclusive of the labor of making. 
These may be used several times for each cutting. 

A word of caution may be in place here against putting the alfalfa 
in the mow or large stack until thoroughly cured. Loss by spontaneous 
combustion is much more apt to result from storing uncured alfalfa 
than in the case of a grass or mixed hay. If the hay is cured in the 
cock, it goes through a natural process of sweating and usually will be 
in good condition to go into the mow, but the hay which is cured in the 
swath and windrow is apt to contain a large amount of moisture in 
the stalks which make it unsafe to put in the barn 

Many methods of handling and storing alfalfa, such as baling in the 
field, storing green in open sheds, putting in the silo, etc., are being 
used or tried in various sections, but the only method that seems to be 
suited to general recommendation in Michigan is the storing of the 
cured hay in barns or fairly large stacks. Alfalfa may be made into a 
fairly good, but rather sour ensilage, but the crop is not sufficiently 
improved in feeding value to justify this method as a general farm 
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practice. It is questionable even whether the first cutting, which is 
made at a time when the weather is apt to be unfavorable for curing, 
may with profit be placed in the silo. However, the last cutting may, 
to advantage, be mixed with corn, if the weather does not permit it to 
be made into a good grade of hay. Ensilage made by mixing one load of 
alfalfa hay with two or three loads of corn would be of higher feeding 
value than ensilage made from corn alone. 


FEEDING VALUD OF ALFALFA HAY. 


No attempt will here be made to go into an elaborate discussion of 
the feeding value of alfalfa hay. In looking over the reports, however, 
it has been interesting to note that not a single alfalfa grower has any 
complaint to make in regard to the feeding value of alfalfa hay and 
practically all who have expressed an opinion consider it very valuable. 
Of the 97 growers making a comparison with clover, 12.3 per cent con- 
sider the hay worth twice as much as clover; 14.4 per cent one and one- 
half times as much as clover; 5.1 per cent one and one-third times as 
much as clover; 10.3 per cent one and one-fourth times as much as clover 
and 50.6 per cent state that it is better than clover. Alfalfa hay appears 
to have a feeding value above what its composition would indicate, as 
all kinds of stock do exceptionally well on it. Even hogs, which are 
not supposed to be able to handle any large quantity of rough feed, do 
well on alfalfa hay as the main part of the maintenance ration. Be- 
cause of its high protein content, it is especially valuable as a feed for 
dairy cows, for breeding animals and for growing young stock. It is of 
considerable economic value when grown and fed on the farm, as it 
takes the place of high-priced protein-rich concentrates, such as bran 
and cotton seed meal, which have of late years entered so largely into 
the feeding problems in this state. It is more economical under 
most conditions at least, to feed it as a part ration either with corn 
or some carbohydrate roughness, as corn stover or grass hay, rather 
than to feed it alone. 


ALFALFA AS A PASTURE CROP. 


Two hundred fifteen or about thirty-eight per cent of the alfalfa grow- 
ers report having used alfalfa for pasture purposes. These tests have 
been made with all kinds of stock and under various conditions of 
pasture, season, etc. Twenty per cent of these growers fail to say with 
what results they have used alfalfa as a pasture crop. The results 
from the other eighty per cent, who expressed an opinion in regard to 
this point, are presented in tabular form below. 


~ 


TABLE XVI.—RESULTS OF PASTURING ALFALFA. 


Nonot Good Medium Poor 

reports | results, results, results, 

ports. | per cent. | per cent. | per cent. 
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IEA ae ie ROI © Ete Ec So eee Pee Ooicne & eee 2 100.0 0 0 
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While many of the reports included in the above table are based upon 
quite limited experience, the data, as a whole, indicates strongly the 
value of alfalfa as a pasture crop. Practically all of the reports are 
favorable so far as the effect upon the stock is concerned, only three 
farmers reporting trouble of bloating of cattle or sheep. Sixteen in- 
dicate injury to the stand of alfalfa. 

In other states much trouble has been experienced with bloating of 
cattle and sheep when pastured on alfalfa. The exact conditions which 
cause this trouble have not been well determined, but the danger appears 


Fig. VIII. A profitable field of alfalfa in Kalamazoo County. 


to be the greatest when the growth is rankest, when no other feed is given 
to stock, when the stock are turned in when hungry and are allowed to 
eat all they want when the alfalfa is wet with dew or rain. It is well 
established that under certain conditions alfalfa is a very dangerous pas- 
ture crop for cattle and sheep and farmers are cautioned to exercise much 
care in turning these classes of stock into a good growth of alfalfa. 
Little faith should be placed in most of the plans suggested for avoid- 
ing this trouble, but the following seem fairly reliable: Sow some grass, 
preferably orchard grass, with the alfalfa, so that not more than one- 
half of the herbage will be alfalfa. The stock prefer a variety and will 
eat the grass with the alfalfa, which will largely, if not entirely do away 
with the bloating. If late in the season the herbage becomes mostly 
alfalfa, it is advisable to remove the cattle and sheep from the field. 
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Another method which has been tried with good results is to feed the 
stock with enough other rough feed before turning into the alfalfa, 
so that they will eat rather sparingly of the green alfalfa. 

Alfalfa makes an ideal pasture crop for hogs and poultry and if 
properly managed is very satisfactory for horses and mules. Because 
of its nutritive qualities and the satisfactory growth throughout the 
entire season, these classes of stock will thrive well on alfalfa pasture 
and a certain amount of stock can be kept on a much smaller acreage 
probably, than any other pasture crop suited to Michigan conditions. 

The alfalfa pasture should be managed quite differently from the 
common practice with grass pastures, that is, it should not be kept 
eaten down closely throughout the season. This will kill many of the 
plants and present favorable conditions for grasses and other weeds to 
come in and take possession of the field. The best management, prob- 
ably, would be to have several lots and to turn enough stock into a lot 
to eat off the growth in a short time and then to turn the stock into a 
new field. If only one field is available the alfalfa should be kept from 
six to ten inches or more high all the time, or if eaten down closely, 
the stock should be turned out long enough for the alfalfa to make 
a renewed growth. Alfalfa because it does not propagate vegatively, 
because it is not inclined to spread over the ground and because it does 
not thrive continuously under close cropping, is not an ideal pasture 
plant. It will produce more when cut for hay or soiling than when 
used as pasture. Still because of its productiveness and nutritive qual- 
ities, it ranks well as a pasture crop, especially when mixed with some 
of the better grasses and clovers and it is recommended that it be 
generally seeded in this way for pasture, under soil conditions that are 
favorable for its development. 


ALFALFA SEED PRODUCTION. 


A very small percentage of the alfalfa growers of the state have at- 
tempted to grow alfalfa seed, most of them having been content with 
the growing of the crop for forage purposes. The success, however, 
with which the few have grown seed and the amount of seed commonly 
produced by scattered plants which have not been mown for hay, in- 
dicate that Michigan conditions are very favorable for the production of 
alfalfa seed. The following conditions seem to favor the production of 
seed; rather dry, sunshiny weather from the beginning of blvom until 
the maturity of seed; soils that are rather light and of only medium 
fertility, such as many of our sandy soils; and the thin stands which 
will allow the wind and sunlight to strike the sides of the plants as 
well as the tops. If alfalfa is grown primarily for the seed, it should 
be planted in rows about twenty-eight or thirty inches apart and culti- 
vated. The demand for home grown seed should make this a very 
profitable enterprise on the lighter types of soils. Profitable crops of 
alfalfa seed may, however, be produced under certain eonditions in the 
thickly seeded fields. The second crop of the season is the one to save 
for seed in Michigan, as this allows the cutting of one hay crop and 
presents more favorable weather conditions for the filling of the seed 
crop. The third cutting develops too late in the season to mature the 
maximum amount of seed. 
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Alfalfa has a long period of bloom and some of the earlier pods 
mature long before the later pods, so that it is sometimes difficult to 
determine the best time to harvest the crop. The harvesting should 
be done at the time that will permit the saving of the largest amount 
of well matured seed. Usually this is shortly before the earliest pods 
begin to shatter their seeds and when about one-liaif te three-fourths 
of the pods are brown. The harvesting of the seed ero}. should not 
ciffer materially from the harvesting of clover seed, the most important 
consideration being to handle the crop in such a way as to prevent 
the shattering of the seed. The cutting should be done when the alfalfa 
is somewhat toughened by dew. A self-rake reaper or mower with aside 
delivery attachment should be used to prevent the team from tramping 
out the seed. The crop should be handled as little as possible and should 
preferably be stacked before dry enough to lose. any seed and _ be 
allowed to remain in the stack for several weeks before threshing but 
may be placed in small bunches while in a tough condition and threshed 
from the field if the weather is favorable. 


PLACE FOR ALFALFA ON THE FARM. 


Aside from its value as a_soil improver there are three important 
places that alfalfa may occupy on the Michigan farm, as follows: Seeded 
alone as a hay crop; seeded alone as a pasture crop for hogs and under 
certain conditions for other classes of stock, and for mixing with the 
grasses and clovers for meadows and pastures for all kinds of stock. 

Under soil conditions favorable for the growing of this crop, it is 
generally advisable to use the alfalfa for all “three of these purposes. A 
good stand of alfalfa may be expected to produce more hay than any 
of the grasses or clovers and the annual risk and expense of seeding is 
largely done away with. Every general or stock farmer should seed a 
small acreage near the barn as a pasture for hogs. On many farms a 
portion of the soil is only fairly well suited to the growing of alfalfa 
besides some of the grasses should be seeded to produce a hay for the 
horses and to avoid the danger of bloating when used for pasture, so 
that it does not seem practicable to devote all of the seeded area of 
the farm to alfalfa. Even under these conditions alfalfa if seeded with 
some of the grasses and clovers usually proves to be a very valuable 
part of the mixture. The seeding alone of a large acreage at the first 
attempt is not recommended, as the risk of failure in the hands of the 
inexperienced grower is too great, but the alfalfa seed should be mixed 
with the regular seeding of clover as suggested above and should also 
be seeded alone on a small acreage and this increased from year to year 
until the desired acreage is secured. 

Alfalfa is a leguminous plant, and closely related to the clovers, 
cow peas, beans, etc., and like them is able with the aid of the bacteria 
which live in the nodules on the roots to take its supply of nitrogen 
from the atmosphere. It thus improves the soil in the same way clover 
does. However, after the alfalfa has been seeded in the field for several 
years and the nitrogen content of the soil increased by the decay of 
roots, nodules, stubble, leaves, etc., the crop will feed on the nitrates 
made from this source and will take a smaller percentage of its nitrogen 
from the atmosphere. The alfalfa then does not do as much to build up 
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the nitrogen content of the soil after it has been grown for several years 
in a field as it does during the first two or three years after seeding. 
It is, therefore, not advisable to leave one field seeded for an indefinite 
period of years, or as long as it produces satisfactorily as is commonly 
done, but to seed a new field which needs building up and to plow up 
the old field which should be in condition to produce very satisfactory 
yields of corn and other crops. 

This would necessitate the inclusion of alfalfa in the rotation of 
crops and bring about other radical changes in the rotations as com- 


Fig. 1X. A field of alfalfa and orchard grass on the college farm, which has produced an average 
yield of.6 tons per acre during the past 5 years. Orchard grass is one of the best grasses for mixing 
with alfalfa for pasture or to produce a hay for horses. 


monly practiced throughout the state. The rotation of crops suited to 
a particular farm will depend upon the type of soil and the adaptability 
of the various crops to the same; the type of farming engaged in; the 
markets and other local factors. No detailed plans of rotations of 
crops are presented in this bulletin but the following suggestions are 
offered as being worthy of consideration: The best plan of carrying 
out a definite rotation including the alfalfa, is the short rotation of 
annual crops inside the long or complete rotation, that is, the alfalfa 
is left seeded in one field for a short period of years and the remainder 
of the farm devoted to the short rotation. After a few years the old 
field of alfalfa is plowed up and devoted to the short rotation and 
alfalfa seeded in a new field. 


304 STATE BOARD OF AGRICULTURE. 


The short rotation of annual crops should be one that is favorable 
to keeping up the fertility of the land. If clover is not needed for the 
production of hay on account of the alfalfa, it or some other legume 
should be seeded for plowing under. 

The best management probably would be to leave the alfalfa seeded 
in each field from three to six years. The cost and risk of seeding is 
materially increased if alfalfa fields are left less than three years and 
the leaving of a seeding more than six years would not seem to be the 
most economical use of it as a soil builder for the entire farm, since it 
would take so long to get the entire farm seeded. 

It is advisable to seed at least one-half of the new field before plowing 
up the old field if the latter is still in a productive condition. 

A good idea of the results with which alfalfa has been seeded in 
Michigan during the past few years may be had by the study of Table 
XVII. It should be noted that out of 621 trials 85.3 per cent were good 
or medium. 


TABLE XVII.—RESULTS OF SEEDING ALFALFA IN MICHIGAN. 


Total numberof LArMers TENOLES Hote stoke oles ores eluate alleraevore jose voveimie avarer creel t7 eia, > You toler miata ciets 621 
Per celitage ‘who seeded ‘with good! results: . Foca tc celeniec es sine e ale oleic aie eae © cvaln mjeccermwraie 68.8 
Percentage who seeded with medium Tesults << acm iiens viaje ciereee lees els inp. =) «le re, sve res Se etele ai 16.5 
Percentare wilo' SCEAEd With! POOTITESULES sotoya wc tetereh no wo rau cie clair eels en siaieteie stays wid actnaeraumeiaiene 8.7 
Percentage whose'seedings ‘resulted ian failures eras. size. «ct clcicie wwiv.ele'e s/e,a)e aVa wielaje spate srs laiaterers 5.9 


In Table XVIII is given a summary of farmers’ opinions of alfalfa 
as a farm crop in their respective sections. 


TABLE XVIII.—FARMERS OPINIONS OF ALFALFA. 


Total number Ol farmers Te pores stale) teverareiate elaine aia itietsl kel oloteis tole /o] <toketeye sate fatten ee tere ate 642 
Percentage who have good opinion of alfalfa 77.4 
Percentage who have a fair opinion of alfalfa 14.6 
Percentage who have a oe OPINION Off altalta: eo le. avec ee aye wie evaetalere eke elelalnue Pema ere orn eee 3 ey 
Percentage who'think alfalfa a failure’ .icscs clevore whats celts ove orm netalctoue sie tigi ow elain estonia atte 3.2 


The average acreage per field as shown by the reports is approxi- 
mately six, and the acreage per farm is eight. Many farmers, however, 
are now seeding much larger fields than formerly, and the above figures 
will doubtless fail considerably of representing true conditions after 
one or two more seasons. 

As a further indication of the place alfalfa is coming to occupy on 
the Michigan farm, the following brief statements which are thought to 
be representative of all of the opinions expressed are submitted. 

“T think that alfalfa is worth nearly twice as much per acre as any of 
our other hay crops.” 

“Tt grows better each year. It will stand the grasshoppers, which 
were very bad this year. It lived while other clover, both new and old 
seedings, were killed.” 

“Best paying crop one can raise and also by far the best crop to feed.” 

“T think in time we can raise alfalfa just as we do clover now, but is 
slow in starting.” 

“It is the best paying crop we hay».” 

“Some have been successful and others have failed. If we can get it 
established, it will be a grand forage crop.” 
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“T think it will be the salvation of the farms in this community.” 

“Mighty hard work to start, but pays for all expense you can put 
on it.” 

“Tt will solve the problem of loosing the clover seeding, which frequent- 
ly happens here. I believe in time it will be very commonly grown 
and will raise the value of any land seeded.” 

“T believe that it is all right, but it seems to take longer to get a 
paying stand than clover and therefore, does not work in good in the 
rotation.” 

“T think if we can get to growing our own seed nothing can equal 
it? 

“Invaluable! There should be thousands of acres in this country 
where there is but one grown now. It will revolutionize agriculture.” 

“T think it will be the most reliable grass crop that we can raise in 
Southern Michigan.” 

“A very profitable crop if the farmer will put out only what he can 
take proper care of.” 

“A promising crop if the farmer will take pains enough in fitting 
his ground. I think it is one of the best hay crops Michigan farmers 
can produce.” 

“The surest and best hay known. Unexcelled for dairy calves and 
eaten by all stock readily.” 

“My intentions are to cut red clover out and make a success of 
alfalfa.” 

“T believe it will be a successful crop and the means of making our 
light land valuable.” 

“Very valuable to me to cut and feed green, as it furnished feed con- 
tinuously from May 15 to October 15.” 

“Tt will solve the problem of loosing clover seeding.” 

“Tt would be a good crop if sown and taken care of on fields where 
there is good drainage.” 

“T wish I had fifty acres instead of six.” 

“A very good pasture for hogs.” 

“Good, cannot be beat for hay for all stock.” 

“No better than mammoth clover, of which we can get two cuttings 
by cutting as first blossoms appear.” 

“A success on good soil but a failure on poor soil.” 

“The best hay in the world. Believe it will be a successful crop and 
the means of making our light land valuable.” 

“T think it has come to stay. I have twenty-seven acres of alfalfa and 
expect to have one hundred before long.” 

“We think it is the making of this part of the country. We expect to 
get our usual amount of hay off one third the acreage and it is a better 
grade of hay.” 

“TJ think it is one of the greatest crops we can raise as it stands 
drouth better than other crops.” 

“For the dairy business of this section it is practically necessary as 
a hay crop and for keeping down the cost of the dairy output.” 

“Tt has not given very good satisfaction in this section.” 

“It is worth each year the price of the land.” 

“It is a great yielder of very nutritious hay, which all stock will go to 
in preference to grain.” 

39 
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“T think alfalfa will grow in any place in the state, seeing that it grew 
here.” 
“I have been trying to grow alfalfa for some time but will have to re 
port a failure.” 
“Alfalfa is a very vaiuable crop for this section as quite a little stock 
is kept.” 
PARTIAL SUMMARY. 


1. Alfalfa is rapidly coming into favor as a farm crop in Michigan, 
ninety-two per cent of the farmers reporting, expressing a good or 
medium opinion of alfalfa as a farm crop in their respective sections. 
More successful seedings have probably been made during the past three 
or four years than in all the previous history of alfalfa in Michigan. 
Many growers who have been successful in former attempts to grow 
alfalfa are now seeding much larger acreages. 

2. The two principal causes of failure in growing alfalfa have been 
poor preparation of the seed bed and the lack of inoculation. A de- 
cided improvement, however, is noticeable in the cultural methods prac- 
ticed throughout the state and in practically all the new seedings some 
means are taken of securing an inoculation of nitrogen fixing bacteria. 
Among other important causes of failure are acid soils, light infertile 
soils, poorly drained soils, use of nurse crop and in case of late seedings, 
winter killing. 

3. Alfalfa is being grown successfully on a variety of soil types 
throughout the state. The particular type of soil does not appear to be 
of much importance but soils that are shallow by reason of the water 
table or rock formation near the surface and very light infertile soils 
should be avoided. Farmers on light sandy soils should seed on their 
best land and may need to take some special means of building up the 
fertility of the soil. Farmers in the better agricultural sections should 
as a rule seed on the higher lands of the farm because this land is most 
in need of improvement; because the alfalfa as a rule is productive on 
this land and because the soil most productive with corn and other 
crops is left for the growing of these crops. 

4. Alfalfa should not be seeded after a grass sod but may follow 
a cultivated or small grain crop. The preparation of the seed bed should 
be thorough and extend over a period of several weeks, so as to secure a 
firm and finely pulverized seed bed in which the weeds and weed seeds 
have been as completely eradicated as possible. 

5. The use of manure in seeding alfalfa is advisable if applied some 
time before seeding or after the alfalfa has come up and made some little 
growth. It is not advisable to turn under a heavy application in a 
quickly prepared seed bed as this tends to hold up the soil and allow it 
to dry out, or to apply as a top dressing shortly before seeding, because 
of the introduction of the weed seeds. 

6. There are doubtless many conditions under which commercial fer- 
tilizers judiciously applied, may profitably be used to stimulate a more 
vigorous growth both in the new and old seedings but the idea that is 
more or less prevalent that commercial fertilizers may be used to im- 
mediately make any soil productive is a fallacy, and until further data 
is available at least, commercial fertilizers should be applied in an ex- 
perimental way to learn what may best be used under local conditions. 
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7. On many soils throughout the state lime does not seem to be 
needed but on others it is quite essential to the successful growing of 
alfalfa. It is well to apply lime on a portion of the field when seeding 
alfalfa for the first time, especially if difficulty has been experienced 
in growing clover, or if there is any other indication of an acid soil. 

8. The presence of nitrogen fixing bacteria is of utmost importance in 
the growing of alfalfa. Both the soil and pure culture methods of 
inoculation have given good results and one or both should always be 
used whenever alfalfa is being seeded for the first time in a field. 

9. The exact date of seeding is not of so much importance as the 
preparation of a good seed bed and several other factors. Late spring 
or early summer is a favorable time on the medium or heavy types of 
soils, and early or middle spring is a good time on the lighter types of 
soils. 

10. The use of a nurse crop is not advisable except on fields that 
are apt to blow or wash and on seed beds that are poorly prepared and 
are apt to become very weedy. 

11. If a drill is used judiciously this method of seeding is prefer- 
able to broadcasting and harrowing in but care should be exercised 
to see that the seed is covered to the proper depth. 

12. The rate of seeding within certain limits is not an important fac- 
tor in the seeding of alfalfa. A very light seeding is satisfactory under 
ideal conditions. Ten or twelve pounds per acre should ordinarily be 
as good as more and is a safe amount for general recommendation. 

13. There are no commercial varieties of alfalfa in the sense that we 
have varieties of corn, wheat, etc. For general use we must depend 
mainly upon the American grown seed of the common or the blue 
flowered alfalfa, though the Grimm and other selections of the varie- 
gated alfalfa are very desirable for planting under Michigan conditions. 
Northern grown seed should be purchased in preference to that grown 
in the central and southern states. 

14. New seedings of alfalfa should be clipped often enough to hold 
the weeds in check but not usually more than two or three times during 
the first season. 

15. The harrowing of alfalfa during the first two or three years after 
seeding is not advisable. Old stands that are thin and weedy are 
frequently improved by this treatment. 

16. The alfalfa leaf spot is a more or less common disease of alfalfa 
but is not usually considered serious. Fields that are badly affected 
should be mown, when if the weather conditions are favorable the al- 
falfa will usually make its normal growth. 

17. Much care should be exercised in the purchase of seed to avoid the 
introduction of noxious weed seeds on the farm. If dodder is introduced 
it should be thoroughly eradicated before it goes to seed even at the 
expense of destroying the stand of alfalfa. 

18. The better methods of making alfalfa hay are quite different from 
those commonly practiced in the curing of mixed hay and should be 
given considerable study on the part of the inexperienced alfalfa grower. 

19. Alfalfa hay is considered generally to be of very high feeding 
value. Of those growers making a comparison with clover hay 92.7 
per cent consider it better than clover. 

20. Alfalfa is not well suited to stand close cropping and the tramp- 
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ing of stock but still is a most valuable pasture for hogs and under 
certain conditions and treatments for other classes of stock. 

21. Little alfalfa seed has yet been produced in Michigan but there 
is promise that a seed industry of considerable importance may be de- 
veloped in the state on account of the adaptability of many of our soils 
to alfalfa seed production. 

22. Alfalfa should be seeded on practically every farm, all or a por- 
tion of which is well drained, throughout the agricultural sections of 
the state. Its special places in Michigan agriculture are, seeded alone 
as a hay crop, seeded alone as a pasture for hogs, and as a perennial 
legume for mixing with clovers and grasses for both hay and pasture. — 

23. It is not advisable to seed a large acreage of alfalfa at the 
first attempt. A small acreage should be seeded under as favorable con- 
ditions as possible and this increased after some experience has been 
gained in growing this crop. 

24. The profit from the entire farm will be increased if alfalfa is re- 
seeded in a new field every four to six years as compared with leaving 
the same field seeded for any definite period. The best plan for a ro- 
tation of crops including alfalfa is the short rotation of the annual crops 
inside the long or complete rotation. 
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FOREWORD. 


Special Bulletin No. 59. 


This bulletin has been prepared to meet the demands for brief practi- 
cal information on the culture of small fruits in Michigan. 

The author, Mr. Wilkin, has for several years been the Super- 
intendent of the Sub-Experiment Station at South Haven, and he 
writes from practical experience. 

H. J. EUSTACE, 
Horticulturist. 


SMALL FRUIT CULTURE. 


BY IF. A. WILKIN. 


The profits from small fruits are fully equal to those from tree fruits 
but as with all fruits, they range from almost nothing to as much 
as $1,500 per acre in some cases. General care or culture is the most 
important factor that determines the profits of all small fruits and 
marketing is undoubtedly next in importance. 

The objection to small fruits is that they are very perishable and 
have to be produced within a short shipping distance from good 
markets. They are soft, (gooseberries and currants excepted) and must 
have very careful handling. 


STRAWBERRIES. 


The strawberry is the most important of the small fruits and by many 
is considered to be the choicest of all the fruits. 


SOIL AND ITS PREPARATION. 


The best soil for strawberries is that which is cool and moist but 
well drained and easily worked. Strawberries are shallow rooted plants 
and do the best in soils in which the moisture and fertility are near the 
surface. However, almost any soil that is suitable for corn or potatoes 
may be used for strawberries, after the proper preparation. 

Thorough preparation of the ground for a strawberry bed is very 
essential. If it is very weedy or in a heavy sod it is advisable to plow 
it in the fall and work it thoroughly in spring or better still, plant it to 
some hoed crop as corn or potatoes the year before setting. It is also 
very necessary to have the soil thoroughly pulverized and the sod, if 
any, thoroughly broken up. After the ground is well worked, it is ad- 
visable to roll it, as this operation pulverizes it and leaves the surface 
smooth for marking and planting. 
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The best time.to fertilize a strawberry plantation is before the plants 
are set. Well rotted manure, not infested with white grub and spread 
on before the ground is plowed is the best. This may be supplemented 
with muriate of potash and acid phosphate, as suggested under “Goose- 
berries.” If the soil is thought to be lacking in nitrogen, one hundred 
pounds of nitrate of soda may be applied on the young plantation twice, 
just as the young plants become established and again three weeks later, 
to hasten the growth of the plants. However, this is rarely necessary 
if proper preparation has been given the soil. 


PLANTS AND PLANTING. 


The best plants are dug from one year old plantations that have not 
borne fruit. Those dug from bearing beds are likely to lack in vigor. 

It is the best plan to have the field ready for setting as soon as the 
plants are dug or received from the nurseryman. If it is necessary to 
“heel in” the plants, the bunches should be opened and the plants placed 
in layers of about two inches thick. The soil should be firmly pressed 
around the roots as high as the crowns and they should be watered as 
necessary so that the roots will not dry out. If watered too much, 
the plants will heat and be injured. 

Before setting, the roots should be trimmed back to about three inches 
and all of the leaves but one or two of the youngest should be pruned 
off. It is quite essential to have the roots moist when setting and some 
growers carry a pail partly filled with water in which they dip the roots 
just before planting. The best tools for setting are a dibble or a spade, 
either is pushed into the ground and then forced from side to side, 
leaving an opening in which to place the plant. The dibble is handy if 
one man is doing the planting but a spade is better where two men 
work together and one man makes the holes and firms the soil around 
the plants while the other trims and places them in the holes. In plant 
ing, the roots should be spread out and the soil firmly pressed around 
them and the crowns should come even with the surface of the ground. 


CULTIVATION. 


The cultivation should be started very soon after the plants are set 
and care must be taken not to cultivate too deeply nor to disturb the 
roots or cover the crowns. Frequent shallow cultivation should be 
practiced throughout the entire growing season, never allowing the sur- 
face of the soil to crust over. The dryer the season or location, the 
shallower the cultivation should be and if the season or the location is 
excessively moist the cultivation should be deeper. 

There are three distinct methods of culture of the strawberry, the 
matted row, the hedge row and the hill system and there are also varia- 
tions of these three types. 

The matted row is the most common method and it is the least in- 
tensive. The wider the row the less intensive the method. Generally 
the wide matted row is allowed to grow from one foot to one and one- 
half feet wide with about one foot space between the rows for the pick- 
ers. The narrow matted row is from six inches to one foot wide and 
with a wider space between the rows. 
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The hedge row system consists of setting the plants close together 
and allowing the runners to grow only in the spaces between these 
plants and, when the space is filled with plants, all other runners are 
cut off. Thus the row should not be wider than the space occupied by 
one plant. 

In the hill system, the plants are set quite close together and no run- 
ners allowed to grow. This is the most intensive system as all the 
vitality of the plant goes into producing fruit buds. The fruit is gen- 
erally of exceptional size and quality and each plant produces a large 
number of berries. This system should be used if the finest berries are 
desired. 

The distance for setting the plants depends upon the system and the 
variety used. In the matted row system, the rows should be three and 
one-half feet apart and the plants set two feet apart in the row. Varie- 
ties that make numerous runners, such as the Dunlap, can be set farther 
apart in the row, while the varieties that make but few runners should 
be set closer together. 

For the hedge row and hill system, the plants should be set one and 
one-half feet apart, in rows one and one-half to two feet apart. In the 
hill system one and one-half feet is sufficient. A greater distance would 
not be economy of ground. It is advisable to use varieties that do not 
make very many runners for the hedge row and hill systems. 

The narrow matted row, is the best for general strawberry growing. 
It is the most commonly used and does not need the extra work and 
special care to make it a success that the more intensive methods do. 

It is advisable to cut off all the runners from the newly set plants 
about the middle of June so that the plants may become strong and well 
established. All the blossoms should be cut off during the first season. 


MULCHING. 


After the growth has stopped in the fall and before the ground freezes 
hard, the plantation should be covered with some mulching material. 
Straw is commonly used for this purpose but almost anything will do 
if it is free from weed seeds. Marsh hay is excellent. Stable manure 
is not advisable as it almost always contains weed seeds. 

As soon as the growth starts in the spring the mulch should be taken 
off from the plarits and left between the rows. This will help to keep 
the fruit clean at ripening time and also conserve the soil moisture. If 
the plantation is in a frosty place, it is well to only take off a portion 
of the mulch at first, leaving enough to check the plants but not enough 
to smother them. After the danger from frosts is past this can be taken 
off or the plants may be allowed to grow up through it. If it is de- 
sirable to hasten the ripening of the fruit, it is best to take the mulch- 
ing off, or if late ripening is desired, let the plants grow up through it. 

During the ripening period, it is advisable to have the mulching 
close to the plants along the edges of the rows so the berries on the 
outside plants will rest upon the mulching intead of on the ground. 


RENEWING PLANTATIONS. 


Many growers allow the plantation to bear only one season, as they 
believe the cost of renewing an old bed is almost as great as starting a 
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new one. This is certainly true with the old beds that have been allowed 
to become foul with weeds, diseases and insects. The beds that are re- 
newed every year do not often become seriously infested with pests as 
do the beds that are left several years. 

If it is considered advisable to renew the old bed, the following 
method has been found to be satisfactory. After the fruit has been 
picked, mow off the tops of the plants and loosen the mulch so that 
it will dry out well. When all is thoroughly dried so as to burn rapidly 
and the wind is in a favorable direction, start a small fire at the wind- 
ward side and allow it to burn as quickly as possible; as slow burning 
may injure the crowns of the plants. This will burn all of the old 
foliage and mulching and will destroy the source of many insect and 
fungous troubles. 

After the burning has been completed, the rows should be narrowed 
to about the width of one plant by plowing away from them on both 
sides. Then the rows should be gone over with a hoe and all the old 
plants and weeds hoed out and the ridges left by plowing should be 
worked down and the soil brought back to the rows. If the weather is 
dry, this work should be done immediately so as to keep the plants from 
drying out. With proper burning over and the other work done quickly 
afterward, the bed will not be injured in the least. Cultivate frequently 
to keep down weeds and prevent the soil from baking. It is rarely profit- 
able to retain a bed after more than its second bearing season. 


CONTROLLING INSECTS AND DISEASES. 


Before setting out the voung plants look them over carefully and re- 
move any discolored or diseased leaves. Examine the roots for root 
lice, if any are found or are suspected, dip the roots in strong tobacco- 
water. 

After the growth starts, spray with Bordeaux* and a poison; to pre- 
vent the leaf spot and to destroy the leaf-roller insect that may be 
present. 

For fruiting plantations, spray with Bordeaux before blossoming and 
repeat ten days to two weeks later. After fruiting if the bed is to be 
fruited again, mow and burn over quickly (as on a day when there is a 
wind, to avoid burning the crowns of the plants). If leaf rollers have 
been present, spray with poison after the growth has started again but 
before the leaves curl. 

For strawberry root lice, see Michigan Bulletin No. 244 page 88. 

White grubs often cause serious trouble in strawberry beds. After 
they get in the soil, nothing can be done to destroy them except digging 
them out by hand which is not practical. Since sod ground and manure 
piles are favorable breeding places it would not be advisable to plant 
strawberries on sod ground and manure produced before the first of 
August or left uncovered until then should not be used. Late fall plow- 
ing will greatly reduce the number of grubs in a soil already infested. 

It is difficult to recommend varieties of strawberries as they are very 


+With 4 pound of Paris Green or 2 pounds of arsenate of lead. 
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VARIETIES. 


sensitive to different soil types and conditions. A variety might be the 
best that could be grown upon one type of soil and be a failure on an- 
other in the same locality. 

In a general way, varieties of the type that have fairly large-leaves 
which are quite smooth and of a dark glossy green color, producing few 
runners and bearing fruit of fine appearance and of high quality of 
which Marshall is an example, should be grown upon a fairly heavy 
soil. Varieties having large coarse-wrinkly leaves, mottled green in 
color, which make a fair amount of runners, and produce a soft, usually 
furrowed wedge shaped fruit, not of very high quality but of good sizeas 
the Dorman, can be grown on the lighter soils. Varieties like the Sena- 
tor Dunlap, having small plants making numerous runners and produc- 
ing berries of moderate size, good color, shape and quality do well upon 
a greater variety of soils than the others. 

For early varieties, Michael’s Early, August Luther and Excelsior are 
good. For medium early to mid-season varieties: Senator Dunlap, Clyde, 
Bederwood, Warfield, Glen Mary, Ekey, Haverland, Kitty Rice, Bubach, 
William Belt, and Dorman (Uncle Jim). For mid-season to late: 
Aroma, Brandywine, Ridgeway, Sample, Stevens’ Late, Chesapeake and 
Marshall. 

Varieties that are heavy bearers but with rather soft fruit and which 
do well on the lighter soils are: Clyde, Bederwood and Dorman. Those 
that make numerous runners and bear heavily are Senator Dunlap, War- 
field and Buster. Marshall, Chesapeak, Ridgeway, Kitty Rice, Wm. 
Belt, Bubach and Cardinal make but few runners or plants and bear 
moderate crops of high quality fruit and are desirable for hedge row 
and hill systems. They require rich soil and should set close together 
in matted rows. 

It is important to understand the difference between perfect and im- 
perfect blossoms. The varieties with perfect blossoms, having both the 
sex organs in the same flower, will produce fruit if planted by them- 
selves, but varieties with imperfect blossoms lack the male sex organs 
and must be planted near a variety having perfect flowers to produce 
fruit. If varieties with imperfect blossoms are to be planted, it is ad- 
visable to plant some variety having perfect blossoms in every fourth 
or fifth row for pollination. 

The following varities have perfect blossoms: Michael’s Early, August 
Luther, Excelsior, Senator Dunlap, Clyde, Bederwood, Glen Mary, Ekey, 
Wm. Belt, Buster, Dorman, Aroma, Brandywine, Ridgeway, Steven’s 
Late, Chesapeake and Marshall. 

The following have imperfect blossoms and need others to fertilize 
them: Warfield, Haverland, Bubach and Sample. 

In every catalogue the sex of the variety is always given together 
with the general description. 


TEST PLOT. 


New varieties are constantly appearing in the catalogues and for 
the grower who may possibly wish to introduce any of these into his 
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plantations, it is advisable to have a test plot. This plot should be lo- 
cated where the soil is most characteristic of the commercial plantation. 
Twenty-five plants of a variety will suffice for testing. By such a test 
plot a grower can find which varieties are suitable for his farm and at 
but slight expense. 


GOOSEBERRIES. 


The second earliest fruit ready for market is the gooseberry. It is 
principally a pie fruit and is usually preserved for such purposes. Its 
market is more limited than that for the strawberry, but it is not nearly 
as perishable and can be picked and used at various stages of maturity. 
At present the demand does not equal the supply. More of this fruit is 
being commercially preserved every year and this use should take care 
of an increasing supply for many years. However, due to the high 
price of plants comparatively few gooseberry plantations have been 
planted during the past few years. 

The care of the gooseberry is not as exacting as the strawberry, but 
good care pays and the profits are good, sometimes being as high as sey- 
eral hundred dollars per acre. A well drained, moderately rich soil or 
one that will grow good corn will be suitable for gooseberries. The lo- 
cation should be sunny and there must be a good circulation of air on 
account of the susceptibility of the fruit and foliage to a fungous disease 
known as the mildew. The ground should be well fitted and fertilized 
before the plants are set out. But fertilizer can be applied more easily 
to gooseberries after the plants are set than can be done with stravw- 
berries. 

PLANTS AND PLANTING. 


Two year old plants are generally planted and usually sold by the 
nurserymen but one year old plants that have made a good strong growth 
will do. The plants are usually set in rows six feet apart and four 
feet in the row. If the roots are very long, it is advisable to trim them 
back slightly. The plants should be set slightly deeper than they were 
in the nursery, especially on a light soil and the roots spread out as 
much as possible and then the soil firmed about them. 


CULTIVATION. 


The cultivation of gooseberry plants should be thorough and started 
early in the spring and continued until about the first of August when 
a cover crop, preferably oats, should be sown. An application of well 
rotted stable manure before cultivation starts will undoubtedly pay 
well and this might be supplemented with an application of one hundred 
to two hundred pounds of muriate of potash and two hundred to five 
hundred pounds of acid phosphate per acre. 


PRUNING. 


The pruning of the gooseberry plant is important. When the plants 
are set the tops should be cut back slightly and the bush balanced up 
as much as possible. A good bush should have about six bearing canes. 
The tops of each cane should be cut back slightly each year and the 
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season’s growth cut back a little, depending upon the growth made. The 
young shoots not needed should be cut out every year. A few of the 
stronger ones should be left to replace the older bearing canes. The 
gooseberry bears its best fruit on canes from two to four years old and 
by leaving one or two of the stronger young shoots each year and cut- 
ting out one or two of the old ones, the bearing wood can be kept in 
the best condition. 

In pruning it is highly important to keep on the lookout for the 
cane borer which is a little worm that bores in the center or pith of 
the cane. This worm almost always works downward. A cane with 
a black center and somewhat hollow indicates the work of the borer 
and such a cane should be cut back until the sound healthy pith is 
reached. 


CONTROLLING INSECTS AND DISEASES. 


Gooseberry bushes should be frequently inspected for San Jose scale 
or the European fruit scale, especially in localities where these insects 
are known to be common. They can be destroyed by spraying the bushes 
early in the spring before growth starts with the strong lime sulphur. 

The mildew (a common and serious fungous disease especially of the 
Iinglish varieties) and leaf spot diseases and ‘“‘worms” can be con- 
trolled with the dilute lime sulphur or Bordeaux to which is added 
2 pounds of arsenate of lead to every 50 gallons. Make the first spraying 
just as the leaves are expanding and again when the fruit is about one- 
fourth grown. 

If the mildew is serious or the varieties are English use the BGeS 
lime sulphur without arsenate of lead every 10 or 12 days. 

If worms are found after the fruit is one-fourth grown poison them 
with pyrethrum or hellebore.. 

Leaf bugs or aphids may appear. When they do, spray with nicotine 
or strong tobacco water while the bugs are red and wingless and be- 
fore the leaves have become curled. 

When pruning, if a cane is cut that shows discolored pith, it may in- 
dicate the cane borer. Cut back to sound pith. Burn trimmings. 

Wilted foliage at any time indicates the cane borer. Cut out and 
burn 


VARIETIES. 


The following American varieties have been found to be comparatively 
free from the mildew: 

Downing is the most valuable variety grown for commercial purposes. 
It is vigorous and productive. The fruit is of good size and of yellowish 
green color. It will not stand neglect as well as some other varieties. 

HovuGuHrTon is second in value on account of its vigor, freedom from 
disease and ability to withstand lack of care. Its growth is more slender 
and spreading than that of the Downing. It is very productive but 
the fruit is not as large nor as attractive as that of the Downing. 

Rep JACKET AND PparL are two varieties quite commonly planted. 
Red Jacket is vigorous and prolific, its berries are good sized and red 
when ripe. The reddish tinge makes them undesirable for market pur- 
poses. The Pe ar] is a cross between the Downing and English variety 
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and so nearly like the Downing that it is difficult to distinguish between 
them. 

The English varieties are not grown very extensively in this country 
on account of their extreme susceptibility to mildew. They are often 
shy bearers, but the fruit of most of the varieties is large and of at- 
tractive appearance. Where there is a market for fancy gooseberries, 
they will bring a good price. The following varieties are considered the 
best: 

CHAUTAUQUA.—The bush is vigorous and productive, fruit very large, 
pale green in color and of high quality. Valuable for home use. 

CoLumMBus.—Bush vigorous, fruit somewhat like that of the Chau- 
tauqua. It is not as susceptible to mildew as some of the other varieties. 

INpustry.—Bush vigorous, most productive of the English varieties. 
Fruit is very large and dark red when ripe and quite hairy. One of 
the best English sorts, although the reddish ¢olor is somewhat against 
it. 

PorTaGE is one of the newer varieties. It is an American 
raised seedling of a European variety. It is vigorous, pro- 
ductive and hardy. The fruit is pale green, smooth and attractive, nearly 
as large as that of the Chautauqua and probably averages about half 
way between the Downing and the Chautauqua. It is practically as 
free from mildew as the American varieties. 


RAISING PLANTS. 


Gooseberry plants are not difficult to raise by the following method: 
Make cuttings of the past season’s wood, either in fall or early spring, 
about eight inches long and of well ripened wood. If cut in the fall, 
they are most easily handled by tying them in bundles, labeling and 
packing them in damp sand or moss in a cool cellar. Early in spring, 
they should be planted in nursery rows, leaving two buds above the 
ground. It is essential to get the cuttings planted before the growth 
starts and good cultivation should be given them during the season. 


CURRANTS. 


The planting, culture, pruning, and propagation of the currant is 
the same as that of the gooseberry. The location of the currant plan- 
tation should, however, be somewhat different from that of the goose- 
berry. Currants do the best in partial shade and that of a fence row 
or an orchard is quite desirable, but it would not be desirable to set 
currant bushes in an orchard unless the soil is very fertile. And the 
bushes should, of course, be set where they will least interfere with the 
usual operations in the care of the trees. Generally, it is not advisable 
to set currants in an old orchard, as the trees use practically all of the 
available plant food. Currants will thrive on a soil that is more moist 
than gooseberries and they do not require as free a circulation of air, 
since they are not susceptible to the mildew. 


CONTROL OF INSECTS AND DISBASES. 


The insects and diseases most common and troublesome to currant 
bushes, foliage and fruit can be controlled by the treatment outlined 
for the gooseberry on page 9. 
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VARIETIES, 


The following varieties of currants have proven valuable in this 
state: 

London Marxnr. Extensively planted on account of its vigorous plant, 
healthy foliage and productiveness. The fruit is large and handsome. 
Ripens with Victoria. Well and favorably known in Michigan. 

Victoria. An old time standard variety. A vigorous, erect grower 
and very productive. Berries are medium size and hang in large and 
extremely long bunches. Is being succeeded by varieties having larger 
berries. 

Fay’s Prouiric. A well known market variety, on account of its pro- 
ductiveness, and large handsome berries. It is more productive and of 
better flavor than the original Cherry currant. 

Witprr. A comparatively new variety. Its promising features are 
its strong vigorous growth and productiveness. The fruit is large and 
handsome and hangs on for late picking. 

Rep Dutcu. One of the oldest varieties known and still grown by 
many. Its general characteristics are similar to those of Victoria, but 
it is distinct from it. 

Prince Avsert. A favorite with many growers in Michigan but it is 
not generally grown; a strong grower and productive; berries are medium 
in size and hang in short bunches; used considerably for canning. 

Rep Cross. <A new variety. A vigorous and productive bush. Ber- 
ries are large and hang in long, large clusters. Flavor mild and pleasant. 

PeRFECTION. A new variety that has gained prominence very rapidly. 
A vigorous grower and bears well. Well known. Large handsome fruit 
to the end of the bunch which are medium in size. The flavor is less 
acid than other varieties of the Cherry type. 

The black and white currants are little grown in this State. The 
White Grape is the most satisfactory variety of the white fruit type. 

The culture of the black currant in Michigan cannot be encouraged, 
since it harbors a disease that is extremely dangerous to the White pine 
tree. Bearing plantations should be exterminated. 


RED RASPBERRIES. 


The red raspberry is an important source of profit to the small fruit 
grower. The demand is always strong for good fruit and it is used 
in the fresh state and for canning and preserving. The softness of 
the fruit, however, makes it very essential that the market be close at 
hand and that the fruit be handled with extreme care. Poor prices for 
red raspberries are almost always due to careless handling and to their 
perishability. 

The best soil for a red raspberry plantation is rich sandy loam, well 
drained but containing plenty of moisture. 


PLANTS AND PLANTING. 


Plants for a new plantation can easily be taken from an old bed by 
digging up the strong suckers of the past season’s growth or, they can 
be secured from a nursery. The tops of the young plants should be 
cut back to about six or eight inches and the roots also cut back slightly. 


318 STATE BOARD OF AGRICULTURE. 


Plants received from a nursery usually have the tops cut back sufficiently, 
but the roots are not trimmed. The plants should be set a little deeper 
than they were before and the soil well pressed about the roots. They 
should be set in rows five or six feet apart and three feet apart in the 
row. 


CUT WORM. 


The climbing cut worm frequently destroys a large proportion of 
newly set plants of raspberry and blackberry plantations. The insect 
eats the buds at night and during the day conceals itself in the ground 
near the plant. They can be destroyed by trapping or poisoning. If 
shingles or boards are placed on the ground near the plants, the worms 
will hide under them during the day and can be gathered and destroyed 
in the morning. The “poisoned bait” method consists in scattering on 
the ground a mixture of moist bran and paris green. This should be 
scattered in the evening as the bran will then remain moist longer. One 
teaspoonful of Paris green to two quarts of bran is sufficient. 


PRUNING. 


The red raspberry bears fruit on canes that are two years old, and a 
cane is of no value after it has produced one crop of fruit. These old 
canes should be cut out and burned immediately after the fruit is all 
picked. The new canes require the room and moisture that the old canes 
would be using after they have fruited. Five or six of the strongest 
young canes in a hill should be left for the next season’s crop. 


CONTROLLING INSECTS AND DISEASES OF RASPBERRY, BLACKBERRY AND DEW- 
BERRY. y 


The source of several insect and fungous troubles will be greatly re- 
duced by cutting out and burning the old canes immediately after the 
last picking. 

The Orance Rusr may appear in May or June. It is easily identified 
by the bright orange color on the under side of the leaves. There is no 
method of preventing this trouble. As soon as it is found, the bush 
should be dug out and burned. If allowed to remain the disease will 
spread and destroy many plants. 

The ANTHRACNOSE, identified by the grayish spots on the canes (also on 
leaves but not conspicuous), is common in many berry fields. It does 
not yield to spraying unless very frequently done with Bordeaux mix- 
ture and this may not be profitable. If desirable, make the first spray- 
ing when the new canes are 6 to 8 inches high and repeat every two 
weeks during the growing season. 

“Worms” or “Stucs” might appear at any time. Spray with an 
arsenical if early in season, but if near picking time, use hellebore or 
pyrethrum. 

Cut out and burn gouty galls, tree cricket eggs or borers in stems. 


VARIETIES. 


CuTHBERT is the most valuable variety and is grown more than all 
others combined. It is a vigorous grower and is very productive of 
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large fruit of good quality. It is especially desirable as a commercial 
variety because of the firmness of the berry. 

Miuter’s Rep AND Harty KiNG are very good varieties. They are both 
early varieties and do well on a clay loam soil. 

Eaton Rep is a recent introduction. It is very large, crumbles easily 
when ripe and does not stand shipping well. Its color is purplish red 
but it sometimes takes on this color before it is ripe. Its season of 
ripening is very long. Quality is good and it is a good berry for home 
use and local market. Plant is vigorous and productive. 


BLACK RASPBERRIES. 


The soil, planting, cultivation and spraying for the black raspberry 
should be the same as that of the red. The pruning is necessarily differ- 
ent, however, because of the different character of its growth. The 
black raspberry grows in stools and does not produce suckers, but is 
propagated by tip layering. This consists in covering the tips of the 
canes with soil in late summer. By fall they are usually firmly rooted, 
when they can be cut free from the cane. 

The young growing canes of the black raspberry should not be al- 
lowed to get much more than two and one-half feet high before being 
pinched back to check the upward growth and encourage the growth of 
laterals. The laterals when about a foot long should also be clipped 
back. The black raspberry, like the red, bears its fruit on canes in 
their second season. Therefore, it is essential to cut out the old canes 
after they have borne their crop of fruit. This should always be done 
immediately after the crop is harvested. Weak young canes should also 
be cut out at this time. In the spring, laterals that are over a foot in 
length should be cut back and not more than five or six canes to the 
plant should be left. 


VARIETIES. 


The following are the best known and most profitable varieties: 

CUMBERLAND. Undoubtedly the most valuable variety. It is prolific 
and vigorous. The berry is of good quality and size. Its color is a 
handsome glossy black. A good shipper. Somewhat more subject to 
anthracnose than others. Mid season. 

Kurekxa. One of the newer varieties. Vigorous and prolific. The 
fruit is of a glossy black, good size and quality. Probably the best 
early variety. 

Kansas. <A very good early variety; vigorous, fruit usually of good 
size, quality and appearance, the color being glossy black. Some sea- 
sons the fruit is “nubby” and crumbles easily. Its season is not as long 
as that of the Eureka. 

Greece. For many years the best known variety. It ripens later 
than any of the above varieties, is vigorous and productive. The berry 
is large and firm, but is covered with a whitish bloom which is some- 
what against its appearance. 


PURPLE RASPBERRIES. 


The purple raspberries are probably natural hybrids between the native 
red and black species. Their culture, propagation and pruning are the 
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same as that for the black raspberry but the fruit has the shape of the 
red raspberry. The color is purple to purplish red, according to the 
variety. The flavor is a blend of both parents and is excellent for table 
use, canning and preserving. 

In productiveness, freedom from disease and vigor of growth, they 
excell either the red or black raspberry. The serious objection for 
market purposes is the color and softness. The color gives the impres- 
sion of an over ripe red raspberry. For home use they cannot be ex- 
celled. 


VARIETIES, 


The following varieties are the best known: 

CoLuMBIAN. The best known variety. Very vigorous and productive. 
Hardy. Fruit is large and of high quality. 

CARDINAL. The growth of this variety is more compact than that of 
the others. Fruit is firmer than that of the Columbian but not of as 
high quality. Not as productive. 

HayMAKER. Growth like that of the Columbian. Just as productive 
and vigorous but not as hardy. 

SuHarrer. Canes not as large as Columbian. Susceptible to an- 
thracnose. Productive, fruit large and rather acid in flavor. Has long 
been one of the most prominent purple raspberries but is now succeeded 
by the Columbian. 


BLACKBERRIES. 


The blackberry is undoubtedly the most profitable of the brambles. 
They are easily cared for, especially in localities where they do not re- 
quire covering in the winter. The method of pruning the canes is like 
that of the black raspberry and since the plant produces suckers, the 
method of propagation is like that of the red raspberry and the suckers 
should be cut out the same as suggested with the red raspberry. 

The requirements for a good location of a blackberry plantation are 
similar to those of the raspberry, except that more care must be taken 
not to select a place where the soil is too rich in nitrogen. The black- 
berry grows later in the fall than the raspberries and if grown on rich 
soil the growth will not stop soon enough to thoroughly harden the 
canes for winter, and winter killing may result. : 

Although the blackberry is quite free from disease, the same spray- 
ings recommended for the raspberries will be found beneficial. Orange 
rust is frequently found in blackberry plantations. Plants affected 
should be cut out and burned as soon as found. 

For the varieties that require covering during the winter the follow- 
ing method is the best: Plow a furrow toward the plants in fall to 
keep them from being bent over too sharply. Then bend the canes 
over at right angles to the row and cover with two or three inches 
of soil. With a fork, loosen the roots a little on the opposite side, to 
relieve the strain. In spring, as soon as the frost is out of the ground. 
the canes should be raised with a fork. 


VARIETIES. 


No one or two varieties of blackberries are more valuable than the 
others as is the case with most of the small fruits. This is undoubtedly 
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due to the fact that the desirable features of hardiness and size of 
fruit are not to be found in any one variety, but recent introductions 
indicate that plant breeders are nearing the ideal blackberry, one with 
large fruit, that will not turn red after picking and is hardy. 

The following varieties are worthy of consideration: 

Biowers. <A recent introduction. A hardy, thrifty grower of spread- 
ing habit. Fruit is large, jet black color and ripens through a long 
season. 

Barty Kine. The earliest blackberry. Fruit is good size until the 
end of the season when it becomes small. Hardier and a better variety 
than Early Harvest. 

Earty Harvest. Compact upright grower. Does not sucker much. 
Moderately hardy and quite productive. Fruit of medium size. Its 
earliness is its most desirable feature. 

Evporapo. Productive, hardy and thrifty. Fruit holds color well 
and is of good size and quality. Season medium early. Probably the 
most valuable variety. . 

MeEserEAU. A moderate growing, hardy variety; canes quite free 
from rust. Fruit is of good size and holds color well but has a slight 
core. Its season is short but it makes a good medium early variety. 

RatTusun. Similar to the Wilson but hardier. Grows without cov- 
ering in the southern part of Michigan. Does not sucker much. Very 
productive of large handsome fruit of good quality. Season same as 
that of the Wilson. 

Snyper. A well known hardy variety. Its attractive features are 
hardiness and productiveness. Fruit is small but of good quality. Rec- 
ommended only where better varieties will not grow. 

Warp. Hardy, thrifty and productive. Fruit large and of handsome 
appearance. Quality good. <A very good late variety. 

WILson. Once very popular, especially in southwestern part of Mich- 
igan but is being replaced by hardier varieties. It has to be given winter 
protection in all parts of the state. Fruit is very good size and quality. 
Season early. 


DEWBERRIES. 


The dewberry is too often overlooked by the small fruit grower. Their 
culture affords an excellent opportunity to lengthen the berry season 
and this is especially desirable for growers in the southern part of the 
state where the dewberry will ripen and be marketable before the 
blackberry and usually brings high prices. 

The fruit is large, of better quality but softer than that of the black- 
berry. The canes are smaller and of a trailing habit. On this account, 
it is advisable to run wire trellises along the rows about a foot from 
the ground to support the canes and keep them from the ground. Prun- 
ing, cultivation, and propagation of the dewberry are the same as for 
the blackberry. 

VARIETIES. 

There are only three varieties of any value and they are as follows: 

AustTIN. Of quite recent introduction. A very thrifty grower, healthy 
and hardy. Productive of large berries of good quality. Fruit is a 
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little soft and should not be allowed to become too ripe before picking. 
Earlier than either Premo or Lucretia. 

Lucretia. Undoubtedly the best known dewberry. Prolific, vigorous 
and hardy. Fruit is large and of good quality. Probably the best ship- 
ping dewberry. 

Premo. One of the hardiest. Fruit is firm, of good color and quality. 
Should be set with Lucretia as a pollenizer. 


THE MULCH METHOD OF CULTIVATION. 


On a small plantation of any of the bush fruits the mulch method of 
cultivation might be tried with interest and possible profit where the 
soil is moderately rich and mulching material easily obtained. After 
two or three cultivations in May a heavy application of some mulching 
material, preferably straw, is spread about the bushes and between the 
rows, and allowed to remain the balance of the season. Weeds that 
may grow through this mulch are cut with a hoe as are the young canes 
if they grow too thickly. 

Advocates of this practice claim that the frequent cultivations needed 
to conserve soil moisture destroys too many roots and that the nrulching 
conserves the moisture and the result is more and finer fruit. 
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CELERY CULTURE IN MICHIGAN. 
Special Bulletin No. 60. 


BY C. P. HALLIGAN. 


The celery industry of Michigan has advanced so rapidly during the 
last few years that this state stands preeminently as a celery growing 
region. The industry is still advancing and the next few years promise 
an enlarged acreage with many new districts devoted to the production 
of this crop. The abundance of rich muck lands and the comparatively 
cool, moist summers of southern Michigan combine to produce ideal 
conditions for the growing of this plant. Favored with these natural 
advantages, the growers of this state compete very successfully in the 
markets of less favored sections of the country, making almost an un- 
limited demand for Michigan celery. The leading sections of the state, 
where the industry has developed the most, are around Kalamazoo, 
Muskegon, Grand Haven, Decatur, Vriesland and Hudsonville. Other 
sections, however, are beginning to grow celery on the newly drained 
muck Jands and many of these promise to become important celery 
growing districts. In limited quantities, celery is also grown in the 
truck gardens about Grand Rapids, Detroit, Bay City and many of the 
other cities of southern Michigan but very little of this is shipped out 
of the state. — 


DRAINAGE. 


The land upon which celery is grown must be thoroughly drained. 
It should not be presumed that because celéry grows best upon muck 
lands that it will thrive on wet soils. The crop must have thoroughly 
drained soil to produce plants of high market value. Celery becomes 
stunted or diseased on wet lands. Open ditches are generally relied 
upon to drain the fields and should be constructed in such a manner 
that they will drain the soil to a depth of from two to three feet. It is 
often advisable to further drain the land by running lines of tile be- 
tween the ditches. These should be run at least two feet below the surface 
while a depth of three feet is more desirable. The common mistake of 
growers thus far has been in setting the tile too shallow and not allow- 
ing for the settling of the soil on these lands after they have been cul- 
tivated a few years. The soil settles very considerably on the muck 
lands and it is a very common practice of the growers who have tiled 
their lands to find them so shallow, after a few years, due to the settling 
of the soil, as to cause considerable trouble in plowing. 

In the newer celery districts of the state, poor drainage is a common 
fault. One open ditch is not sufficient on the muck lands to drain an 
extensive area. Laterals should be run from the main open ditch in such a 
manner that they will quickly and thoroughly drain all the intervening 
space between the ditches even during the wettest weather. These 
ditches, too, should be kept clean and open and not permitted to fill 
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up with washed soil, weeds and other debris. Good drainage in celery 
culture means thorough drainage and quick drainage, draining not alone 
the and bordering the ditches but all the intervening land. 


SOILS. 


The celery of Michigan is grown entirely on the heavy reclaimed muck 
lands that have been previously well drained. These soils are generally 
very deep often extending from twenty to thirty feet before reaching the 
sub-soil which is generally of a hard stiff clay. Three or four feet of 
good top soil, however, is generally considered sufficient upon which to 
grow good celery provided it is well drained and is a good strong muck 


Fig. 2.—One of the oldest Kalamazoo celery farms. Has grown celery continuously for more than 
thirty years. Still very productive. Such land rents from $65.00 to $100.00 per acre per year. 


soil. A shallow muck with a quicksand subsoil is not preferred and 
the spring muck lands, common in some sections, are also unfavorable. 
Black ash or elm muck lands are considered the strongest and the best 
for celery production. 

Celery may be grown on any good garden soil that has been previ- 
ously well enriched with stable manure or organic matter but for com- 
mercial growing, the muck lands are to be preferred in this state. They 
are fertile soils, contain much decomposing vegetable matter, and with 
water but a few feet from the surface of the soil, a constant supply of 
moisture is assured. These requisites, namely, a fertile soil well filled 
with organic matter and a constant supply of moisture from below are 
of most importance as the celery plant cannot be stunted at any time 
during its growth, if celery of good quality is desired. Heavy clay soils 
are not good celery soils as they lack the desirable physical character- 
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istics of a celery soil. This crop requires a soil of loose texture that 
does not pack hard around the plants. On clay soils, there is also apt 
to be considerable trouble caused by the washing of the soil over the 
hearts of the plants while they are small. Muck lands contain the ideal 
physical characteristics of a celery soil. 

In Bulletin No. 99 of the Michigan Agricultural College, Doctor R. 
C. Kedzie states the following regarding these soils: 

“PROPERTIES OF GOOD MUCK.” 

“A comparison of these celery soils brings out the fact that except in 
the amount of sand and silicates, the composition shows a close simi- 
larity. 

“In a moist condition, all of these kinds of muck have a deep brown- 
black color, the blacker the better; they are friable, easily breaking 
between the fingers and are free from coarse fibrous material; they have 
a pleasant earthy smell, but no acid odor and are entirely free from 
acid reaction. When moist muck of good quality is pressed against blue 
litmus paper so as to wet the paper, the blue color remains and no red- 
dening takes place. Any muck that will redden blue litmus is unfit 
for cultivation while this acid condition remains. * * * * All the 
specimens of infertile muck that have been sent here for analysis— 
muck that would not grow weeds even—have been of this sour class and 
would tur blue litmus paper red very rapidly. By draining and 
weathering such soils; by exposing to the action of frosts and especially 
by application of lime, wood ashes, even leached ashes, the acid condi- 
tion can be removed and the barren soils made to produce abundant 
crops of a certain class.” 


PREPARATION OF SOIL. 


In preparing new lands for celery, it is a general practice to grow 
corn, potatoes or some other cultivated crop the first year on the soil, 
to put it in as fine tilth and get it as free from weeds as possible. 
Summer fallowing and fall plowing are also advantageous in prepar- 
ing these new lands for celery and should be practiced when it is not 
advisable to cultivate to crops a year before planting. If the land 
has been cropped for a number of years, it will be advisable to build 
up the soil before attempting to grow celery. Such lands are especially 
apt to be of a poor texture and heavy applications of stable manure 
should be applied to some other cultivated crop for a year or two be- 
fore planting celery. If stable manure is not available, a crop of 
clover or other cover crop may be grown and turned under to supply 
the nitrogen and humus which these soils require. 

When the land is grown successively each year to celery, the soil is 
plowed as early in the spring as possible after it is dry enough to 
work. Larger plows are generally used than on the uplands and the 
soil should be plowed deeper, ten inches being none too much. On most 
of the muck lands, the soil will be found too soft for discing and, 
therefore, the spring tooth, acme or smoothing harrow must be relied 
upon for preparing it. The plank drag or float is commonly used to 
smooth off the land, break up the clods and pulverize the soil. The land 
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should be alternately harrowed and dragged until it is brought down 
to a very fine condition. After it is thus prepared, the soil should be 
harrowed again after every rain or at least about once a week until 
planting time. 


FERTILIZERS. 


Celery is a rapid growing crop and requires heavy feeding to pro- 
duce a continuous and healthy growth. Even on the rich muck lands, 
it requires heavy fertilization if continuous crops of celery are to be 
grown. Celery, too, requires a soil of loose texture well filled with or- 
ganic matter. For these reasons, stable manure is universally consid- 
ered the best fertilizer, as it fills these requirements most satisfac. 


Fig. 3.—The second crop is started in hot beds about the last week in March. 


torily. The amount that can be applied at a profit depends upon the 
intensiveness under which the crop is grown, the general condition and 
fertility of the land, and the cost of manure per ton laid on the land. 
From thirty to forty tons per acre is considered advisable each year 
on the Kalamazoo and Muskegon lands, where the same soil is used 
continuously and where two or three crops are harvested each season. 
In these sections, being convenient to the city, little difficulty is ex- 
perienced in obtaining a sufficient supply at a reasonable price. 
Whether or not outlying districts where land is cheaper and the cost 
of manure higher, can afford to fertilize as heavily and produce as in- 
tensively, is a local problem. Where but one crop of celery is grown, 
about twenty-five tons per acre is sufficient on good muck lands. Many 
of the outlying celery districts and some of the Kalamazoo growers ob- 
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tain their supply of manure from the Chicago stockyards. This costs 
about twenty-five to thirty-five dollars a carload of thirty tons laid 
down in town, depending much upon its distance from Chicago. Un- 
certainty as to the quality of the manure and the time it will be re- 
ceived after it has been ordered from Chicago has tended to discourage 
its use among the growers. 

There seems to be a strong preference in the Kalamazoo district for 
horse manure over the other kinds and if it contains much coarse straw, 
it is the practice to shake it out and apply only the fine manure. It 
is stacked in large flat piles about three to four feet high if obtained 
during the growing season and spread over the land any time in the 
spring before plowing. On heavy compact muck land coarse hay or 
straw is often turned under to make it mellow. 


COMMERCIAL FERTILIZERS. 


Celery cannot be grown year after year on the same land by the use 
of commercial fertilizers-alone. We do not advise its use, therefore, 
as a substitute for stable manure, but we do believe that an intelligent 
supplementing of manure with commercial fertilizers would result in 
as good crops at a less cost. Muck lands are rich in nitrogen and con- 
tain, generally, a suflicient supply of phosphoric acid, but are 
lacking in potash. Although no definite data is available, no difference 
has been detected, after making careful observations, in the crops of 
growers where muriate of potash has been applied with twenty to 
twenty-five loads of manure per acre, instead of forty to fifty loads. It 
is probable, therefore, that the growers of celery on muck lands could 
greatly economize on the cost of fertilizers by reducing the amount 
of stable manure applied every second or third year and supplementing 
it with about three hundred pounds of muriate of potash. 


NITRATE OF SODA. 


This is a very soluble form of nitrogen and acts very quickly upon 
the plants. A week or two after the plants have been set in the field 
and have taken hold, it is a very common practice to spread a dressing 
of one hundred fifty to two hundred fifty pounds of nitrate of soda 
over the soil to stimulate the plants into producing a very early crop. 
The nitrate of soda is scattered along the side of the rows on top of 
the soil, being very careful not to come in contact with the plants, 
and it is then cultivated into the soil. It is preferable to do this while 
the foliage is dry to prevent the burning of the leaves. The effect of 
this fertilizer acts only for a short time, after which another application 
is often desirable. In producing mid-season or winter celery, nitrate 
of soda is not essential unless the crop becomes stunted and some- 
thing is needed to stimulate the plants. As this form of nitrogen is 
very soluble, it is more satisfactory to apply two or three light appli- 
cations at intervals of a couple of weeks than one heavy application. 


SALT. 


The practice of salting the celery fields is universal in the celery dis- 
trict about Kalamazoo, where from six hundred to eight hundred pounds 
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of salt are applied annually per acre. A part of this amount is broad- 
casted over the land in the spring after plowing and harrowed lightly 
into the soil a week or so before setting the first crop of plants. After 
this crop is harvested in early July, more salt is applied between the 
rows of the second crop which already are well established in the field 
at this time. If a third crop is grown on the field, more salt is some- 
times applied, but generally, two good applications are considered suffi- 
cient for a season. It is claimed by the Kalamazoo growers that the 
salting makes the plants brittle, tender and of better quality. 

At Muskegon, the practice of salting does not seem to be as common, 
although a few growers apply a small amount before planting in the 
spring. Its value upon the celery plants seems to be rather indefinite 
in the minds of most of these growers. In the other celery districts 
of the state, salt is not used. 


SEEDING. 


It is of vital importance in growing celery to be certain of obtaining 
first-class seed. Many of the failures are directly caused by poor seed 
which either fails to germinate or produces plants lacking in vitality 
and uniformity and very subject to diseases. Good seed must not only 
be true to hame and germinate a large percentage of seed, but the seed- 
lings produced should be strong and vigorous, giving the plants a good 
start. Most of the best seed of the self-blanching varieties is grown 
abroad and known in the markets as imported French seed, while 
California produces excellent seed of the green varieties. Celery seed 
therefore, should be purchased only from the most reliable seed dealers. 

Celery seed loses its vitality, under ordinary conditions, very quickly, 
and hence fresh seed should be procured each year. Some growers, 
however, are successful in retaining it for a season when they secure 
seed of excellent quality. Although this is not to be recommended as a 
practice, there are times when it is often advisable to do so. To store 
seed successfully, it should be kept in a sealed Mason jar and placed 
where the temperature is moderate and uniform. 

For an early crop of celery, the seed is sown about the last week 
in February or the first week of March. It is the aim to sow early 
enough to have plants of proper size ready to plant in the fields as 
soon as the weather conditions of the spring permit. If the seed is 
sown too early, the growth will be checked in the seed bed and the 
plants, when set in the field, will be stunted and liable to run to seed. 
In most of the celery sections of this state, greenhouses are erected 
for starting the crop. At Kalamazoo (Fig. 4), a small greenhouse 
covered with removable sash and heated by a small stove is generally 
used, while at Muskegon, a larger and more up-to-date greenhouse is 
built with a permanent glass roof and heated by one or more stoves. 
These are practical, cheap structures and economical, where celery is 
the only crop grown in the greenhouse. Hot beds may sometimes be 
used where the greenhouse is not available, but the conditions of 
moisture and temperature cannot be controlled as uniformly, and in 
many other ways, it will be found less satisfactory for starting the 
earliest. crop. 

The soil of the seed bed should consist of a rich garden soil that con- 
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tains an abundance of plant food and that will not pack and harden. 
In this state, muck soil is generally used and found very satisfactory. 
As the celery seed is very small and also very slow to germinate, the 
soil should be made very fine and smooth before sowing. It is the usual 
practice to sow the seed broadcast, rather than in rows, although the 
latter method has’the advantage of permitting room between the rows 
to cultivate and water. The seed should be covered not over one-eighth 
of an inch with soil and sowed sufficiently thick to give a good stand 
of plants without crowding. If the seed is good, about sixty per cent 
of it should germinate under favorable conditions. One ounce of seed 
should produce at least ten thousand plants. 

After sowing, the seed-bed may be rolled or carefully raked by hand. 
Many growers prefer to simply scatter the seed and allow the rains 


Fig. 4.—A celery greenhouse in summer at Kalamazoo. Sashes removed. 


to wash it into the soil. With indoor sowing, burlap is often spread 
over the soil and the beds sprinkled. A large percentage of culls or 
small plants at harvesting time is largely due to one, or a combination 
of two things, namely—the use of poor seed or the crowding of the plants 
in the seed bed. Therefore, care should be exercised at this time, to 
be certain of obtaining the best seed and in not sowing the same too 
thick in the seed bed. 

The seed of the second crop is sown about the last week in March 
and usually started in hotbeds. If space is available, the seed may be 
started in a greenhouse. 

To construct a hotbed select a well drained spot exposed to the south, 
but protected from the north and have the bed run east and west. The 
standard hotbed sash is three feet wide and six feet long, although many 
growers prefer a longer sash, making a wider bed. Therefore the width 
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and length of the bed will be determined largely by the size and number 
of sash to be used. Whatever the size of the bed, it should be dug out 
to a depth of one to two feet and firmly filled with clean, fresh horse 
manure that has been prepared by previously stacking it for ten days or 
two weeks, and forking it over three or four times. This is to prevent 
the manure from burning after making the bed, and to induce a slow 
even heat to be given off by it for a long period. After firmly tramping 
the manure it should be covered with about four inches of good soil. A 
framework of two-inch plank is then constructed to hold the sash and to 
keep the soil from caving in around the bed. This frame should be built 
so that the top of the plank along the south side is about six inches lower 


Fig. 5.—Seed beds. The plants are watered before lifting. 


than that of the north side, thus giving each sash a slight slant toward 
the south (Fig. 3). The south side of the frame is also constructed at 
such a height that the glass along this side will be about six inches above 
the top of the soil in the bed. The sash may then be placed on the bed, 
leaving ventilation enough for the steam and gasses to pass off. <A ther- 
mometer then inserted in the soil will probably show a high temperature 
in the bed for the first few days, but when the temperature has receded 
to about 85 degrees, the seed may be safely planted. 

Celery that is to be harvested after the first of September is generally 
sown in out-door seed beds, planting the seed as early as weather con- 
ditions will permit. The soil of these seed beds should be well fertilized 
with fine, decomposed stable manure and fall plowed. The beds may 
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be slightly raised above the walks and of a width to permit convenient 
reaching of all plants without tramping on the beds. (Fig. 5). 

The soil of the seed beds should be watered after sowing whenever 
the surface soil appears dry but care should be exercised to prevent over- 
watering. After the plants are up, they should be kept constantly grow- 
ing, and watered only in the morning of bright days that the foliage 
may become thoroughly dried before night. If the plants in the seed bed 
appear too thick, they should be thinned as soon as possible by removing 
the weakest plants in such a way as to leave the others well spaced. The 
temperature of the seed-beds in the greenhouse should be kept at about 
75 degrees during bright days and about ten degrees lower at night. Dur- 
ing dark cloudy weather, it is advisable to keep the temperature some- 
what lower. Ventilation should be given whenever the weather condi- 
tions permit and the plants hardened off gradually by increasing the ven- 
tilation until out of door temperatures may be favorably endured before 
transplanting to the field. 


TRANSPLANTING. 


As grown in Michigan, celery plants are not usually transplanted be- 
fore setting in the field. The advantages under existing conditions, do 
not seem to warrant the extra labor and expense involved except when 
a very early crop is desired or an extra fine grade wanted for a special 
market, in which case it may prove a profitable practice. Transplanting 
induces the formation of a well branched, fibrous root system, causing a 
less serious check to their growth when finally planted in the field. This 
results in a crop a little earlier and generally more uniform. When 
practiced, the seedlings are transplanted into small pots, shallow boxes 
or into beds, placing the plants about two inches apart. The seedlings 
are ready for this transplanting about four weeks after seeding. 


SETTING THE PLANTS. 


The ideal time to set the plants is just before a shower or on a moist, 
cloudy day. In bright weather, it is preferable to set late in the after- 
noon. On large farms, it is necessary to set during all kinds of weather 
and at all times of the day in order to get all the plants into the ground 
in season. Extra care, therefore, must be exercised to gain a good stand 
of plants during bright, dry weather. The seed bed should be well 
watered a few hours before digging and the plants carefully lifted to 
retain a large root system. 

Where only a small acreage is to be planted, they may be dug care- 
fully with much of the soil clinging to the roots but a commercial grower 
can hardly afford to practice such care. The plants are usually packed 
in shallow pans or buckets and dropped in the field from these receptacles. 
The rows may be marked off with a line or marker if desired but since 
it is advisable to always plant in freshly stirred soil, most growers pre- 
fer to mark off but a short space at a time before planting and hence 
prefer the “shoe method.” This operation consists in scuffing out a shal- 
low furrow in the soil with one foot as a person walks up the row. Just 
before setting the plants in the row, the soil is wet down with water ap- 
plied by hand from a large sprinkling can. If but one watering is given 
at this time, it is considered better to water before rather than after 
setting the plants although it is most desirable, in dry weather, to water 
both before and after setting. 
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If a boy or girl is available to drop the plants, a man can set prac- 
tically double the number that he could alone and one good planter 
will set as fast as one can drop them. No dibble or other tool is used in 
making the hole to receive the plant, but the setter, straddling the row 
on his knees, which are generally protected with knee pads, takes the 
plant up with one hand while making the hole to receive it with the 
forefinger of the other hand. (Fig. 6). The plant is then set with its 
crown slightly below the top of the ground and the soil pressed firmly 
around the root. On clay soils, greater care must be exercised not to 
set the plants too deep but on muck lands and sandy soils, there is not 
so much danger of the soil injuring the hearts of the plants. 


—~ . 


Fig. 6.—Transplanting: The soil is first watered. The plant is then taken up with one hand, as 
the hole is made with the forefinger of the other. 


DISTANCES. 


The distance to plant celery depends much upon the variety, season, 
methods of blanching and intensiveness practiced. Where celery is to 
be blanched by boards, the rows may be set from eighteen inches to 
three feet apart while celery which is to be blanched with soil is com- 
monly set from four to six feet apart. At Kalamazoo and Muskegon, 
where early celery is grown, the first planting is set in rows about three 
feet apart and the second crop is planted later between these rows. Some- 
times only every alternate row is thus interplanted at first (Fig. 2) but 
a late crop is afterward set in the vacant places. This will leave a space 
of six feet for blanching the last crop with soil. When a summer crop 
is grown alone and tlie celery is to be blanched with boards, the rows 
are set from eighteen inches to two feet apart. (Fig. 8). In other sec- 
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tions, where land is less valuable and the culture less intensive, the 
rows are planted from three to four feet apart thus permitting horse 
cultivation. In outlying sections, where larger areas are handled, the 
cost of production will be less if planted at about this distance. 

The distance the plants are set in the row is also more or less variable 
but three plants to a foot is the general rule in this state. 
and other large growing varieties are usually set six inches apart while 
some growers even prefer a space of eight inches for this variety. 


Giant Pascal 


Fig. 7.—Interplanting: First crop set in rows three feet apart; second crop 


TABLE OF PLANTS REQUIRED PER ACRE. 


Distance between rows. 


Distance between plants. 


4 inches 
4 inches 


4 inches 


interplanted. 


Number of 
plants. 


87,000 
65 , 240 
43,560 


32,670 


26,136 
17,424 
14,510 
10,881 


Lumber required 
for blanching. 


58,000 sq. ft. 
43,500 sq. ft. 
29,000 sq. ft. 
21.750 sq. ft. 
Earth 
Earth 
Earth 
Farth 


One ounce of seed should produce at least 10,000 plants. 
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CULTIVATION. 


Celery must be kept continuously growing if stalks of high quality are 
desired. Although an excessive feeder, demanding plenty of plant food 
and moisture, the plant has a very shallow root system. Therefore, con- 
stant but shallow cultivation is absolutely required to produce good 
crops. As soon as the plants are set in the fields, the rows should be 
cultivated, being especially careful not to throw any soil over the hearts 
of the plants. Hand hoeing may be necessary between the plants. Cul- 
tivation must be then given after every rain and as often otherwise as it 
is necessary to maintain a fine dust mulch over the soil. This will pre- 
vent the moisture of the soil from passing off into the air and in addi- 
tion to keeping the roots well supplied with water, it will prevent the 


Fig. 8.—Cultivating celery at Kalamazoo, where close planting is practiced. 


roots from working deeper into the soil where the supply of air is not 
so plentiful and the production of plant food not so rapid. Constant cul- 
tivation induces a larger and better quality of growth by preserving the 
soil moisture and keeping the roots near the surface where the plant food 
is liberated more rapidly. 

As the surface of the soil in cultivating, should not be thrown up in 
ridges but kept as smooth and fine as possible, a small toothed cultivator 
should be used in preference to the larger shovel tooth types. 

About the Kalamazoo section, the crop is planted in rows too close 
to permit horse cultivation and the fields are worked with hand culti- 
vators. These are especially desirable for cultivating the crop as they 
permit stirring the soil very close to the plant without danger of injury 
by deep cultivation. 
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BLANCHING. 


The blanching of celery consists in excluding the light from the leaf 
stalks while the plant continues its growth which causes the destruction 
of the coloring matter, leaving the stalks very light colored with a mild 
flavor and with a more crisp and tender texture. 

There are many methods that may be used to accomplish this purpose 
but on a commercial scale, the only ones of importance practiced in this 
state, are blanching by boards and by banking with soil. Formerly most 
of the celery was blanched by the latter method but today, the method 
employed depends largely upon the time of the year the crop is used. 
When a crop is to be blanched during the summer months, one of the 
self-blanching varieties is grown and the plants blanched by the use of 


Fig. 9.—Plants ready for blanching with boards placed ready for raising. 


the boards for if the soil method is used at this time, it causes the plants 
to rust. When celery is to be blanched during the cool weather of the 
fall, however, it is blanched by banking with soil which produces celery 
of an excellent flavor and protects the plants from light freezes. When 
the crop is to be stored for winter use, it will blanch in storage if the 
temperature is not too low and will keep better if not blanched too much 
in the field. 
BLANCHING BY THE USE OF BOARDS. 


When a crop is to be blanched by this method, sound hemlock boards 
one inch thick, twelve inches wide, and twelve, fourteen or sixteen feet 
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long are selected, although at times, boards ten inches wide are used to 
blanch the earliest crop when the plants are not large. If small cleats 
are nailed across the ends and middles of the boards, it will tend to 
prevent splitting and warping. 

In placing the boards for blanching, they are first laid flat along both 
sides of the row as seen in Figure 9; then two men working together at 
each end of the board, raise the edge nearest the plants, catching up the 
outside leaves, until the board is brought into a vertical position along 
the row; then, holding it in place with one hand, the board on the 
opposite side of the row is likewise brought into position, leaving as 
little space between the boards as the thickness of the plants require. 


> 


Fig. 10.—Raising the boards for blanching. 


(Fig. 10). Double hooks about six or eight inches long, made of heavy 
galvanized wire are then used to hold the upper edges of the boards 
together. Sometimes short pieces of laths are nailed across the tops to 
hold them in position but this method is not convenient for the extensive 
grower. After the boards are in position, a little soil should be thrown 
along the lower edge of the boards to close any openings that may 
be caused by the unevenness of the surface of the soil. 

From two to three weeks will be required for blanching the summer 
crops, depending much upon the rate of growth and weather condi- 
tions. As soon as the crop is properly blanched, it should be harvested 
because when left too long, it loses in weight and flavor. 

After the day’s harvesting and packing is finished, the boards are 
carried to another patch of celery and used to blanch another crop. 
In this way, they are used several times in a single season. 
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BLANCHING BY THE USE OF SOIL. 


The blanching of fall and winter celery is generally accomplished by 
the use of soil. This method produces crops of the highest flavor and 
for the extensive grower, is the most economical. The banking of celery 
is generally done by the use of a plow or celery “hiller” which throws 
the soil up in ridges against the plants. To prevent the soil from cover- 
ing the hearts of the plants, the rows are first cultivated and then a 
small amount of soil is banked against the base of the plants by hand 
to straighten up the stalks and hold them together. This practice, 
which is called “handling,” leaves the plants ready to be banked by the 


Fig. 11.—Plants almost ready for cutting. Note interplanted crop. 


plow or “hiller” and as the crop continues its growth, the “hiller’” is 
used to keep the soil thrown up about the plants. 


MARKETING. 


The marketing of the celery crop starts in this state about the first 
of July and continues more or less steadily until mid-winter. The 
harvesting season of the various celery districts in Michigan come at 
such times that one district does not enter into serious competition 
with another in the general markets. The Kalamazoo, Muskegon and 
Grand Haven districts, for example, grow early celery, starting their 
marketing about the first of July and continue until some time in Oc- 
tober. Even these sections hardly compete with each other as the Grand 
Haven and Muskegon crops are shipped across the lake to Chicago or 
Milwaukee, while the Kalamazoo crop is sold largely in other cities, 
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being expressed to points all over the United States. During the fall, 
the other districts, at Decatur, Vriesland, Hudsonville and other smaller 
sections where the crop is grown more extensively, begin shipping and 
aim to dispose of most of their crop before severe freezing weather. A 
small portion of this crop in these districts is trenched in the field, 
but is generally disposed of before mid-winter, when the California 
product enters the market. 


HARVESTING. 


Celery may be harvested as soon as it attains the proper size and is 


Fig. 12.—Harvesting. The boards are removed only as fast as necessary and laid between the rows 
to serve as walks. Note row to the left with boards removed ready for cutting. 


well blanched. With the earliest crop, to gain the advantages of a high 
market, it is frequently cut slightly before this time and it often pays 
better under these circumstances than to wait for the crop to fully blanch 
and mature. If the plants are left too long after they have matured, they 
loose their crispness and flavor and are apt to become diseased. 
When the crop is harvested during the summer months and is to be 
shipped long distances, the plants should be cut and carried to the pack- 
ing shed early in the morning. In the Kalamazoo district, this work is 
all performed before seven o’clock in the morning. The boards used for 
blanching are remoyed only as fast as necessary and laid between the 
rows to serve as a walk. (Fig. 12). If the plants are left exposed to 
the sun and wind, they lose their firmness and are apt to wilt, hence 
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the boards are removed only as fast as the celery is cut. Using a stiff 
knife or spading shovel, the roots are cut a short distance below the 
surface of the soil and the plants laid in small piles along the boards. 
As the packing shed is generally nearby, wheelbarrows are used to 
gather the plants as fast as they are cut, and they are carried at once 
to the packing house. Where this building is more distant or the opera- 
tions more extensive, wagons are used and the plants covered with can- 
vas on the way to the packing house. 

After reaching the packing house, the plants are trimmed by removing 


Fig. 13.—Open crates will be used more as their advantages become known. 


the outer leaves and cutting the roots to a more or less conical shape 
with a flat point near the base of the plant. They are then thoroughly 
washed in clean cold water which helps to keep them in a firm, fresh 
condition. After being allowed to thoroughly drain for sometime, they 
are tied into round bunches containing twelve good sized plants. In 
early July, when the plants are rather small, thirteen or fourteen of 
them are sometimes necessary to make a good sized bunch. 

Generally the only grading practiced by the growers consists in dis- 
carding the smallest plants or “culls” and bunching all the marketable 
sized plants together. Some growers, practice more rigid grading, select- 
ing the largest and best plants, bunching separately and shipping these 
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to a special market. The smallest plants are sold locally and seldom 
pay to pack and ship. 

In bunching celery, a board about a foot long and eight to ten inches 
wide is nailed along the upper edge of the packing bench, with a semi- 
circular piece cut out along the upper side of it large enough to hold 
the bases of twelve good sized plants which, when placed in it can be 
quickly tied into a round bunch. Extra stout white string is used, mak- 
ing one tie around the base of the plants and one near the tops. 

Many of the more careful packers of summer shipments are now 
wrapping each bunch separately, with heavy brown paper using open 
crates as seen in Fig. 13. This tends to prevent the heating of the 
celery in long shipments during hot weather and will undoubtedly be 
used more as its advantages become appreciated. However, most of 


Fig 14.—Cultivating celery at Decatur. Rows four feet apart. Muck shoes are used_on hind feet 
of horse. 


shipments are’ made in tight crates which are lined with heavy wrapping 
paper. The size of the several crates used varies considerably throughout 
the state but the following is a list of the common sizes used at Kala- 
mazoo :—(See Fig. 1.) 


SIZES OF KALAMAZOO CELERY CRATES. 


Inches Inches 
6x 8x24 6 x 24 x 24 
6 x10 x 24 6 x 26 x 24 
6x12x 24 6x 28 x 24 
6x16 x 24 10x16 x 24 
6x18 x 24 10x18 x 24 
6 x 20 x 24 10 x 20 x 24 
6 x 22 x 24 10 x 24 x 24 


10 x 26 x 24 
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In the other celery districts of the state, the crates are quite different 
in form and the celery frequently packed loose in the crates. The fol- 


lowing are the sizes generally used :— 


Inches Inches 
6x 12x 20 10x10x18 
6x12x 22 10 x 10 x 20 
6x18 x 22 10 x 10 x 22 


At Decatur much of the crop is shipped in the rough. When shipped 
in this manner some of the roots are left on the plants and only a few 
of the outside leaves removed. The celery is then packed in large open 
crates, being trimmed and bunched in the storage houses of the cities by 
the commission dealers before being delivered to the retailers. Shipping 
in this manner enables the growers to handle and ship their crop while 
the weather is favorable and the crop is placed in a fresh, crisp condi- 
tion upon the market. 


STORING. 


Although most of the celery in Michigan is sold before freezing weather, 
about Hudsonville, Vriesland and some other sections, large quantities 
of it are stored for early winter. Many market gardeners about the 
cities of the state dealing with a special or local market also store this 
crop. 

When the crop is to be sold in late fall it may be simply banked as 
high as possible with soil and the tops covered with straw, to protect 
the plants from light freezes. Celery that is to be stored for early winter 
is usually trenched. This consists of digging a trench about a foot deep 
in the field between the celery rows, into which the plants are closely 
set, so that the tops are not more than two inches above the ground. 
The trench may be dug by hand or by plowing out a double furrow, and 
the plants should be lifted from the rows while the foliage is dry, with 
some soil clinging to the roots. A protection of some sort must then 
be provided. When blanching boards are at hand they may be nailed 
together in a V form and placed over the trenches. If the weather then 
turns warm after trenching, they may be slightly raised with blocks 
or stones, for ventilation. As it gets colder a light furrow of soil may 
be turned against the base of the boards, and later, the boards covered 
with manure to protect the plants. If boards are not available the plants 
may be covered with hay or straw, until danger of severe freezing, when 
they may be further protected with manure. 

The storing of celery in this state for late winter is generally unprofit- 
able, and hence it will seldom pay to erect a celery storehouse for this 
purpose. Storage pits, vacant hotbeds or cellars are often satisfactory 
for storing this crop. In fact it may be stored in any place where 
the plants may be kept cool and moist, without danger of freezing and 
where thorough ventilation may be given, especially during warm 
weather. 
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DISEASES. 

Celery as grown in Michigan is not as susceptible to injury of fungous 
diseases as in many other sections of the country. The comparatively 
cool, moist days of the growing season are especially favorable for the 
production of healthy, vigorous plants, but in seasons that are unusually 
warm, these diseases often become very injurious and sometimes ruin 
entire crops. 

Damping-Off (Rhizoctonia.) This is the most serious disease of the 
celery plants while in the seed bed. During the first two weeks after 
the seedlings appear, it is especially apt to attack the plants. This 
disease causes a decay on the main stem or root just at the surface of 
the soil, which quickly kills the young seedling. During warm moist 
weather it is apt to be very injurious, spreading rapidly throughout the 
bed. In the greenhouse, too much heat, lack of ventilation, and water- 
ing the plants on dark cloudy days, or late in the afternoon, all tend to 
promote this disease. Thorough ventilation, plenty of light, judicious 
care in watering, in general, keeping the plants on the “dry side,” tend 
to prevent this disease. 

Early Celery Blight (Cercospora Apii.) A common disease of celery 
infecting the foliage early in the season. It first appears as well defined 
spots on the leaves that soon become so numerous as to cause the leaves 
to turn yellow and finally die. On the dead leaves the disease multi- 
plies very rapidly and soon spreads to the other plants. It does not 
generally appear late in the season, but plants weakened by this disease 
are often afterwards attacked by the late blight. Spraying the plants 
with Bordeaux mixture, as recommended for the late blight will control 
this disease, the early spraying being especially important. 

Late Celery Blight (Septoria Petroselini.) Of the diseases affecting 
celery this is generally the most common and serious one. It first ap- 
pears in late summer or early fall as irregular rusty brown spots on the 
outside leaves, spreading under favorable conditions over the entire leaf 
surface and to other leaves of the plants, causing a burned appearance 
to the foliage in a very short time. During unusually warm, moist 
weather in the growing season, or after the crop is stored, this disease 
proves very destructive. Plants set upon poorly drained land or plants 
stunted or weakened by any other means are especially susceptible to 
it. If the plants are kept growing vigorously and well cultivated they 
are not as susceptible to it, and are generally able to withstand its 
effects. However, when the blight has become well established upon the 
plants it is then too late to apply effective remedial measures. The 
disease may be prevented also by spraying the plants with Bordeaux 
mixture,* using the 5-5-50 formula, or the ammoniacal carbonate of cop- 
per spray, beginning when the plants are small, spraying once before 
lifting them from the seed beds, and continuing the spraying every ten 
days or two weeks until the plants are ready to blanch by boards. The 
success of this work will depend largely upon the thoroughness with 
which the foliage of the plants is covered, as it is important that all por- 
tions of the plant be reached by this spray. All diseased plants and 
refuse left in the field after harvesting should be carried from the land, 
rather than to turn it under with its spores of this disease to cause an- 


*For details of spraying send to this experiment station for bulletin on spraying, 
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other infection the following season. Where conditions will permit, ro- 
tation of crops will prove very desirable, devoting the land to cabbages, 
onions, peppermint or some other suitable crop for two or more years 
until the land is free of these spores. 


INSECTS AFFECTING THE CELERY PLANT.* 


The Celery plant is by no means immune to insect attack. It is preyed 
on by many of the garden pests, army-worms, cut-worms, the zebra- 
caterpillar, the celery-looper and by a number of other caterpillars. Be- 
sides these are several sucking insects, plant-lice, leaf-hoppers, a negro- 
bug and a thrips. Most conspicuous of all is the parsley-caterpillar, 
which works also on carrots, caroway, fennel and other plants of the 
same family,—a naked caterpillar nearly two inches long, green or yel- 
low in color, with transverse black bands, and spotted with yellow. When 
disturbed, the larva protrudes a Y-shaped yellow horn, from which 
emanates a sickening odor, presumably distasteful to birds and other 
enemies. The adult is the common black, parsley swallow-tail butterfly, 
a beautiful velvet black butterfly having long swallow-tails, and marked 
by rows of yellow spots. 

Control of these insects will depend on their feeding habits. Grass- 
hoppers should be killed by Criddle mixture, which is poisoned aad 
slightly salted horse-manure. Flea-beetles may be driven away or killed 
by arsenate of lead, while the plants are small, that being the time when 
most injury is done. Cut-worms like poisoned bran, made by mixing 
thoroughly, one pound of Paris green with fifty pounds of dry bran and 
then moistening it with a little molasses and water. The zebra caterpil- 
lar can be usually hand-picked profitably, as well as the parsley caterpil- 
lar. The plant-lice and negro-bugs should respond to a spraying with 
strong tobacco tea or with one of the nicotine extracts. This is true also 
of the thrips. 

The leaf-hoppers will be driven away by such a spray, but they will 
return after it evaporates. For the latter, a regular practice of clean 
culture, and the burning of all rubbish, after cold weather has set in, 
will gradually get rid of them, especially if this treatment be extended 
over a wide area. Many noxious insects winter in rubbish, fallen leaves, 
along hedges, ete. 

Details concerning the life-histories of some of these pests, and direc- 
tions for the preparation of insecticides may be found in Bulletin 233 
of this Station, being a bulletin on Insects of the Garden. 

ial Sz id el Oe! bed Da 
Entomologist of Experiment Station. 


VARIETIES. 


WHITE PLUME. 


A self blanching variety that is grown almost exclusively in this state 
for the earliest crop. The stalks are tall and the leaves a rich dark 
green, turning light colored and sometimes nearly pure white when the 
plants are mature. It matures earlier than the Golden Self Blanching 
but is not considered to be quite as good in quality. Its stalks blanch 
a pure clean white, making it superior to all others as a table decoration. 


344 STATE BOARD OF AGRICULTURE. 


It sells well upon the market until about the last of July when the 
Golden Self Blanching varieties supercede it. 


GOLDEN SELF BLANCHING. 


This is the most important commercial variety and is grown more 
than all the others in Michigan. It is about the only variety marketed 
after the early crop of White Plume until mid-winter when the Giant 
Pascal and other late sorts end the season. The plants are stocky and 
compact, with thick solid stalks which blanch easily to a light creamy 
white. The quality is excellent. 


Tig. 15.—White Plume celery. A row in early July at Muskegon with boards removed ready for 
cutting. 


GIANT PASCAL. 

An extra fine green-stemmed variety producing very large bunches 
of broad, thick, heavy stalks. It is planted only as a late variety and 
requires a longer period to properly blanch. The stalks are very tender 
and brittle which makes it a poor shipper. Its large size and fine quality 
combine to make it an excellent winter sort for home or local market. 


WINTER QUEEN. 


A winter yariety of shorter and stockier growth than the Giant Pascal, 
forming bunches of a size more conveniently handled. It blanches more 
rapidly than the Giant Pascal and being of good quality, it is becoming 
known as a very desirable late variety. 

KALAMAZOO, 

A winter market yariety formerly grown quite extensively in this 
state. The stalks are not as broad nor do they form as large bunches as 
other varieties of its season. It is not planted as much as formerly. 
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GENERAL TREATMENT FOR APPLE ORCHARDS. 
Special Bulletin No. 61. 


BYek J. HUSTACH AND? Re Et PRT. 


In the winter or early spring, inspect the trees for San Jose, scurfy 
or oyster-shell scale. (Send twigs and strips of bark to the Experi- 
ment Station, if you cannot identify the scale yourself.) 

These scale insects, especially the San Jose scale, must be destroyed 
promptly or they will kill the trees. 

Just Brerorr THE Bups Open, if the scale be present, spray with the 
strong lime-sulphur wash. To be successful, the work must be done 
very thoroughly—this means that every part of the tree must be covered 
with the spray. 

Jusr BrrorrE THE BLossoms OPEN, ok WHEN THry Are “IN THE PINK,” 
a Spraying must be made to prevent scab and other fungous disease and 
the canker-worm, bud-moth and a few other insects. For this and the 
sprayings that follow, use the dilute lime-sulphur or the Bordeaux mix- 
ture. To every fifty gallons, add two or three lbs. of arsenate of lead. 
(With lime-sulphur, this is the only poison that can be used.) 

IMMEDIATELY AFTER THE BLossoms FALL, and before the calyx closes, 
another spraying must be made just like the one before. At this time 
direct the spray downward from above as much as possible, and with 
the highest pressure available, the object being to get some of the ma- 
terial into the calyx cups, to poison the larva of the codling moth when 
it attempts to enter. 

This is a very necessary spraying. If well done it usually means a 
crop free from worms. 

Apout Two WEEKS AFTER THE ABOVE SprRAYING, make another. Use 
same mixture and poison as in previous spraying. 

Earty In August, there will be a second generation of codling-moths. 
Just when this will occur for your locality can be determined. (See 
“When the codling-moth flies” page 564. 

Protect fall and winter varieties against the codling-moth and a possi- 
ble late outbreak of scab. Use the usual amount of poison, but the 
dilute lime-sulphur, or the Bordeaux which can be made somewhat weaker 
than before. 

Tur Lesser AppLe-Worm, which works more superficially than the 
codling-moth, when present requires a spray of poison when standard 
winter varieties are from 1 to 1% inches in diameter. 

Ir Prant-Lice are present and if they do not leave the foliage shortly 
after the blossoms fall apply some contact spray, (see page 362) prefer- 
ably nicotine or strong tobacco tea. If the 40% nicotine is used add 
Y% pint to 45 gallons of water and be sure to hit each louse. 

Firp Bricnt has been very serious in apple trees in some parts of the 
state during the past few years. 

For description and method of control see “TREATMENT FOR PEARS” 
on page 349. 
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GENERAL TREATMENT FOR PEACHES. 


Inspect for scale insects, the same as for apple, and spray with strong 
lime-sulphur wash the same as directed for apple trees. 

If this spraying is made, it will also prevent the leaf-curl disease. If 
the lime-sulphur spraying is not required, a spraying must be made 
to prevent the leaf curl which is often especially serious on Elbertas. 
For this spraying, use Bordeaux mixture or the copper sulphate solu- 
tion (2 pounds of copper sulphate dissolved in fifty gallons of water). 
It is very important that this spraying be made before the buds swell. 
If made after that time, it will not be successful in preventing the leaf 
curl. 

If the fruit in your orchard is commonly affected with the rot and 
the scab (the small black specks usually on the upperside) and the 
curculio (“the insect that stings the fruit’)—and most of the peach 
orchards in Michigan are affected with all of these—make sprayings as 
follows: 

Just AFTER THE Briossoms Drop AND Most or THE “SHucks” Have 
FALLEN OFF, Spray with poison, using 2 pounds of arsenate of lead in 
every 50 gallons of water. 

(See under arsenate of lead page 560.) 

Never use any arsenical other than arsenate ef lead, cn peach. 

Two Weeks AFTER THE PREVIOUS SPRAYING, another must be made. 
This time use the self-boiled lime-sulphur and to every 50 gallons add 
2 pounds of arsenate of lead. The dilute lime-sulphur has not been 
generally satisfactory on peaches. Even when very dilute some burning 
of the foilage has resulted. 

Asourt ONE Monto BeroreE THE Fruir Rrrens, spray again and the 
same as directed above. 

In orchards where the curculio is not present or not serious, the spray- 
ing recommended “Just after the blossoms fall” can be omitted. 

Self-boiled lime-sulphur settles rapidly, so keep well agitated and do 
not add the arsenate of lead until just before spraying. Use fine nozzles 
and give the trees a uniform coating of a mist-like spray. 

Pracu Tree Borer. Dig out by hand early in spring or late in fall 
at points where gumming shows. Sterilize knife with carbolic acid to 
prevent spreading crown gall which may be present. 


“PRACH YELLOWS” AND “LITTLE PEACH.” 


These two diseases are extremely infectious and very difficult to 
positively identify. Their causes are unknown and the only method of 
control is destruction of the tree—fruit, root and branch—as soon as 
discovered. It is especially important that diseased trees should not 
be allowed to blossom as it is believed the disease is spread by insects 
at that time. Both old and young trees of all varieties of peaches and 
probably all varieties of Japanese plums are susceptible to the two dis- 
eases. Both diseases may be present in a tree at the same time. 
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Pracu YeLiows. The first symptoms in a young tree, previous to 
bearing, are indicated by the leaves of one or two limbs turning from 
a rich dark green to a “yellowish green or reddish rusty green” color; 
this is accompanied by a rolling of the leaves from their edges. These 
leaves ripen and fall earlier than normal leaves. The fruit buds are 
larger and more mature in appearance and in the spring will invariably 
bloom earlier than healthy buds. In some instances, the symptoms are 
not confined to one or two branches, but many of the leaves in the 
center of the tree turn yellowish or light green, roll slightly from their 


PEACH YELLOWS. 
A six year old peach tree in an advanced stage of the ‘‘Yellows.” 


edges and droop considerably. These latter sy mptoms are often present 
in cases of “Little Peach.” 

Upon bearing trees, there may be any one or all of the following 
symptoms: the fruit may ripen prematurely—one to three weeks—upon 
one or two branches or over the entire tree. The fruit may have numerous 
red spots on the surface, the spots sometimes extending in red streaks 
partially or wholly through the flesh to the pit. Often the flesh, about 
the pit, is full of radiating streaks of red. The surface of the fruit may 
be smooth or considerably roughened and the flesh more or less stringy 
and very insipid. The leaves may be yellowish pale or reddish rusty 
green in color, usually rolling and drooping, In advanced stages, 
numerous finely branched shoots bearing many slender sickly leaves, 
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appear on the trunk or main limbs and sometimes in the extremities 
of the branches. Finally the tree dies. 

Winter injury to the bark of the trunk or main limbs, mechanical in- 
jury by mice, rabbits, peach borers, cultivators, etc., or a serious lack 
of moisture or nitrogen in the soil may discolor the foliage and cause 
premature ripening of fruit and should not be mistaken for “Yellows.” 


PEAR BLIGHT. 


On left: Pear blight in a bearing tree. The blight should not have been permitted to spread as far 
as it has in this tree. Onright: Pear blight in a young tree. 


Lirrte Peacu. In “Little Peach,” characteristic symptoms are: the 
leaves of a part or the whole of the tree have a bunched appearance, and 
are shorter, and broader than normal leaves. They are usually yellowish- 
green in color with the veins appearing dilated and darker than the in- 
tervening tissue. The fruit is usually under size and ripens from a week 
to two weeks late. The flesh is more or less stringy, watery and very 
insipid while the pit is usually very small. One or all symptoms may 
be present and unless they can be positively attributed to some other 
‘ause, the tree should be condemned, pulled out and burned. 
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GENERAL TREATMENT FOR PEARS. 


Inspect for scale insects and if present, spray before the buds start 
with strong lime-sulphur. The Pear Blister Mite (a mite that causes 
thickened red and brown spots on the leaves) and the Pear Psylla may 
also be partially controlled by this spraying for scale. If these pests 
were serious last year, make the strong lime-sulphur spraying even if 
not needed for the San Jose scale. 

APPLY THE SAME GENERAL TREATMENT TO Pears as is given for apples. 
If the dilute lime-sulphur is used, it should not be as strong as for apples 
(see dilution table on page 565.) 

Pear BuicHt or Fire Biicgut was very serious last season in many 
parts of the state. It is easily noticed; a branch dies back from the tip, 
leaves turn brown, wither, but do not drop. Is caused by a germ that 
works within the twig and hence spraying is not a preventative. It 
usually is more Serious in rapidly growing trees and for this reason, many 
pear orchards are left in sod. Cut out the diseased twigs and branches. 
Make a frequent and systematic inspection of every tree and cut out 
every diseased twig and branch found. Cut several inches below where 
the wood appears to be dead. Carry the dead portion out of the orchard 
and bury or burn. After every cut, wipe off the wound with a cloth 
or sponge moistened with a 5% carbolie acid solution. 

If slugs appear, spray with an arsenical, if not too near ripening of 
fruit to be dangerous. In case of early pears fresh hydrated lime may 
be dusted on. 


GENERAL TREATMENT FOR PLUMS. 


Plum trees may be infested with the San Jose or by the European fruit 
scale. The treatment for them is the same as recommended for scale 
on apples. (Page 345.) 

Jusr BerorE THE Bups SwELL, spray with the dilute lime sulphur (or 
the Bordeaux mixture) and arsenate of lead, 214 to 3 lbs. to a barrel. 
This is to prevent leaf-spot, fruit rot, black knot and curculio. 

Arsenate of lead is preferable to Paris green on all stone fruits, owing 
to tenderness of foliage in such fruits. 

IMMEDIATELY AFTER THE BLOSsoMS FALL, it is very essential to make 
another spraying using the.dilute lime-sulphur or Bordeaux mixture or 
self-boiled lime-sulphur, and two pounds of arsenate of lead to every 
50 gallons. (For the Japanese varieties use the self-boiled lime-sulphur 
or dilute the Bordeaux one-half.) This spraying is to prevent the leaf 
diseases, fruit rot and curculio. Be sure it is made immediately after 
blossoms fall. Our experiments last year showed that dilute lime- 
sulphur was very satisfactory on plums and it is easier to prepare and 
spray than Bordeaux or self-boiled lime-sulphur. 
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Ten Days or Two Weeks Later, it will pay to repeat the previous 
spraying, especially if the weather is wet or the curculio is serious. 
This spraying should be repeated every ten days or two weeks until there 
is danger of staining the fruit; stopping at least a month before pick- 
ing time. 

On varieties especially susceptible to rot, an application of weak 
copper sulphate may be made about two weeks before ripening. One 
pound of copper sulphate to 150-200 gallons of water. No poison need 
be used. 

Brack Kwnor. Early in the spring a careful inspection should be 
made of every tree, and all “black knots” cut out and destroyed. Cut 
back several inches below the knot. Jisinfecting cuts as for pear blight 
is not necessary. Wild cherry trees harbor the disease and if diseased 


SPRAYING MONARCH PLUMS. 


Tree on left: Sprayed three times with commercial lime-sulphur (properly apes) Fruit was pro- 
tected from rot and foliage remained practically perfect through the season. Photo Oct. 4, 1912. 

Tree on right: Sprayed three times with Bordeaux mixture. Fruit was protected from rot and foli- 
age remained practically perfect through the season. Photo. Oct. 4, 1912. On an adjoining tree not 
sprayed, the crop of fruit was entirely ‘destroy ed by rot and all of the foliage fell off by August. 


ones are near plum or cherry orchards, they should be destroyed, if 
possible. 


GENERAL TREATMENT FOR CHERRIES. 


Cherry trees may be infested with San Jose scale. If found, the 
treatment is the same as that recommended for the apple. 

Just Berore THE Biossoms OPEN, spray with dilute lime-sulphur, 
or Bordeaux mixture. This is to prevent the rot and leaf spot troubles. 
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Especially valuable on the English Morellos for the latter. Our ex- 
periments the last two seasons indicate that the dilute lime-sulphur 
is just as satisfactory as the Bordeaux for cherries and either is better 
than the self-boiled lime-sulphur. 

Just Arrer THE BLossoMs FAL, make a spraying like the above with 
the addition of 2 pounds of arsenate of lead to every 50 gallons of spray 
solution. This spraying is directed against the rot and leaf spot, cur- 
culio and slug. 

Ten Days or Two Werks Larter, it may be necessary to make an- 
other spraying like the previous one for the rot and leaf spot. The need 
for this spraying will depend upon the susceptibility of the variety to 
the rot and to the weather conditions of the season. 

Larce Biack Lice may appear on the leaves at any time. A spray- 
ing of tobacco water (see page 365) will destroy them if applied before 
the leaves curl too tightly. 


SPRAYING ENGLISH MORELLO CHERRIES. 


On left: Sprayed three times with commercial lime-sulphur (properly diluted). | Fruit was protected 
and foliage remained practically perfect through the season. _ Photo. Oct. 4, 1912. There was no 
perceptible difference when the Bordeaux mixture was used. Onright: Tree not sprayed. The fruit 
Pao no value and the foliage was entirely lost by mid-summer. The photograph was taken Oct. 4, 


SLucs sometimes appear after the fruit is harvested, a spraying of 
arsenate of lead (2 or 3 pounds in 50 gallons of water) will destroy 
them. 


GENERAL TREATMENT FOR GRAPES. 


Grape vines are not often subject to attacks by scale insects so there 
is seldom need for a spraying with strong lime-sulphur before growth 
starts. 

Do not use the dilute lime-sulphur at any time for grape spraying. 
It stunts or checks the growth of the berries. Use the Bordeaux mix- 
ture. 
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Downy MitpEw commonly called. “Red Grape” was very destructive 
last season and caused large financial losses to growers who did not 
spray. 

Brack Ror has been a serious disease in recent seasons. Growers 
cannot afford to risk the loss it may cause by neglecting to spray. 

These diseases and others will be prevented very largely by spraying 
as follows: 

WHEN THE Sttoors Are AsBour 8 'ro 10 INcHrs LONG, spray with Bord- 
eaux mixture for black rot and downy mildew. 

Just Brerore BLOOMING spray again with Bordeaux mixture for black 
rot and downy mildew and to every 50 gallons of Bordeaux, add 2 or 
» pounds of arsenate of lead to poison the grape-berry moth, and the 
rose-chafer. If this latter is serious use stronger poison even up to 
5 Ibs. to 50 gallons. <A pint of the cheapest molasses added may help. 

Just As THE Biossoms Are Fayinc, make another spraying like the 
above. 

Anout 10 Days or Two Werks Later, it may be necessary to make 
another spraying like the two previous, but this will depend upon the 
weather conditions and the amount of rot and mildew prevalent. If 
later sprayings are thought to be necessary, some material should be 
used that will not stain the fruit such as weak copper sulphate solution. 

There are several grape insects that are found only in occasional vine- 
yards and then not every year. The grower should keep a sharp watch 
of his vines for them and if found, take prompt measures to destroy 
them. (If not familiar with their appearance send specimens to The 
Intomologist, East Lansing, Michigan.) 

Those most likely to be found are the following: 

IF-LEA-BEEBTLES may appear at any time but are most likely to come as 
the buds open in early spring. Spray with Bordeaux mixture and a 
strong poison, 3 or 4 pounds of arsenate of lead to every fifty gallons 
of the Bordeaux; if early in spring. Later use less poison. 

In vineyards where the grape-berry moth is serious, spray with Bord- 
eaux and an arsenical poison during the middle of July, before the 
20th. 

For leaf-hoppers, sometimes incorrectly called “Thrip,” spray with 
nicotine or with kerosene-emulsion while the insects are young, and 
before they can fly. Later in the fall, clean up all rubbish and burn 
after cold weather sets in. 

For climbing cut-worms, use cotton bands or bands of sticky mix- 
ture. On tender growth these can be put on strips of paper. 


GENERAL TREATMENT FOR CURRANTS AND GOOSEBERRIES. 


San Jose and European fruit scale are often found upon these bushes. 
Inspect carefully for them. If found, spray before growth starts with 
strong lime-sulphur. 

Jusr As THR LEAVES ARE EXPANDING, spray with dilute lime-sulphur or 
Bordeaux and two pounds of arsenate of lead to every fifty gallons. 

Repeat this spraying when the fruit is about one-fourth grown. 
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If worms trouble after this, use pyrethrum or hellebore. 

Leaf bugs or aphids may appear. When they do, spray with nicotine 
or strong tobacco water while the bugs are red and wingless and before 
the leaves have become curled. : 

Goosrperry MILDEW is a fungous disease that is especially troublesome 
on the English varieties as Industry, Columbus and Chautauqua. Spray 
with dilute lime-sulphur. Begin when the buds start and repeat every 
10 days to two weeks until near picking time. 

Wuewn Pruning, if a cane is cut that shows discolored pith, it may 
indicate the cane borer. Cut back to sound pith. Burn trimmings. 

Witten Forracr at any time indicates the cane borer. Cut out and 
burn. 


GENERAL TREATMENT FOR RASPBERRIES, BLACKBERRIES 
AND DEWBERRIES. 


Cur out THE Fruir Brearine canes after the last picking has been 
made. This will lessen insect and disease troubles that may be har- 
bored on the old canes and allow more room for the growth of the new 
canes. 


ORANGE Rusr may appear in May or June. It is easily identified by 
the bright orange color on the under side of the leaves. There is no 
method of preventing this.trouble. As soon as it is found, the bush 
should be dug out and burned. If allowed to remain the disease will 
spread and destroy many plants. 

ANTHRACNOSE, identified by the grayish spots on the canes (also on 
leaves, but not conspicuous), is common in many berry fields. It does 
not yield to spraying unless very frequently done with Bordeaux mix- 
ture and this may not be profitable. If desirable, make the first spray- 
ing when the new canes are 6 to 8 inches high and repeat every two 
weeks during the growing season. 

Cutting out and burning the old canes immediately after fruiting will 
be of some benefit. In starting a new field, make a special effort to 
secure healthy plants. 

“Worms” or “Siucs” might appear at any time. Spray with an 
arsenical if early in season, but if near picking time, use hellebore or 
pyrethrum. 

Cut out and burn gouty galls, tree cricket eggs or borers in stems. 


GENERAL TREATMENT FOR STRAWBERRIES. 


Examine the young plants before setting them. Pick off all discolored 
or diseased leaves. If root lice are suspected, dip the roots in strong 
tobacco water. 

After the growth starts, spray with Bordeaux and a poison to prevent 
the leaf spot and to destroy the leaf-roller insect that may be present. 

For fruiting plantations, spray with Bordeaux before blossoming and 
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repeat ten days to two weeks later. After fruiting if the bed is to be 
fruited again, mow and burn over quickly (as on a day when there is a 
wind, to avoid burning the crowns of the plants), If leaf rollers have 
been present, spray with poison after the growth has started again, but 
before the leaves curl. 

For strawberry root lice, see Michigan Bulletin No. 244, page 88. 


GENERAL TREATMENT FOR POTATOES. 


For tHe Poratro Scar. Soak the uncut tubers for two hours in 30 
gallons of water and one pint of formalin (can be secured of any drug- 
gist). This solution can be used several times. Do not put treated 
tubers back into crates or bags that held scabby potatoes. Make the 
treatment only a few days before planting if possible. Do not plant 
upon land that has recently grown crops of scabby potatoes or beets. 

For THE Biicntr AND “Bues.” Begin spraying with Bordeaux mix- 
ture and poison when the “bugs” first appear, or when the plants are 
about 8 inches high, and repeat about every 2 weeks as long as the 
plants are growing. Spray often in warm, muggy weather; fewer spray- 
ings are necessary in dry weather. 

Use Bordeaux mixture (6 pounds copper sulphate and 4 or 5 pounds 
of lime to 50 gallons of water, and put in the poison, about 4% pound 
of Paris green or 2 pounds of arsenate of lead, or 1 quart of the stock 
solution of Kedzie mixture). 

Dilute lime-sulphur is not as good as the Bordeaux mixture for po- 
tatoes. 

Warr Disease or THE Poraro. This disease also is known as Black 
Scab, Canker or Cauliflower Disease. It attacks the tubers mainly. Ina 
severe attack, big, dark warty excrescences sometime as large as the 
tuber itself appear at the sides or ends. In advanced stages‘ of the dis- 
ease, the tubers are wholly covered by this growth and lose all resem- 
blance to potatoes. In the final stages, the tubers turn to brownish 
black soft masses, giving off a very unpleasant odor. In very mild at- 
tacks, the tubers appear normal, but the eyes are found to have turned 
gray, then brown and finally black. 

This disease is not known to be present in Michigan, but is likely to be 
found at any time. No remedy is known. When once introduced into a 
field, the whole crop should be burned and no tuber from the field used 
for seed purposes. The field itself should not be used for potatoes for at 
least six or seven years and the disease should be reported together with 
specimens at the first outbreak or suspicion of outbreak to the Depart- 
ment of Botany, Michigan Agricultural College. 

Send specimens in a tight mailing-case. 
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PREPARATION OF SPRAY MIXTURES. 


STRONG LIME-SULPHUR. 


Strong lime-sulphur to be used on dormant trees or bushes for scale 
insects, can be prepared in three ways: 

By the old formula, 

By reducing with water “the home-made” concentrated wash. 

By reducing with water the “commercial” concentrated wash. 


A HOME COOKING PLANT. 


An outfit for the cooking of the lime-sulphur at home. Water supply tank on the left. The 
cooking is done in barrels into which are extended perforated steam pipes. The steam is sup- 
plied by traction boiler. 


The “Old formula” has been used for many years with good results 
and is very satisfactory. The formula is as follows: 


EUAN Sas 2 Ws, saws aa ol arene valcke ce ieaa 2 to ets Gua hia gs wees 20 pounds 
Pv UUN EN MAINE HHT OPULES) ahs e cia 3 one PhS Re Sas, waaay Nec eyes ar sya, we aba Ss 15 pounds 
Maceo CnO ta). LO Makes Ak: eget: Ae wae heads wake S's 50 gallons 


The lime is slaked with a small amount of water (hot if lime is 
sluggish) and the sulphur is added, fifteen or twenty gallons of water 
are then added, and the mixture boiled. (It should take three-quarters 
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of an hour, or an hour of good boiling with frequent stirring.) When 
done the liquid should be amber colored and fairly clear. Strain, 
dilute with water (hot is preferable) to make (up to) 50 gallons, and 
apply warm, through a coarse nozzle. 

If small quantities are required, use an iron kettle to boil it in. If 
larger quantities are to be used, live steam is preferable for boiling pur- 
poses, either in a tank or in barrels. 

Applied just before the buds swell, it coats the branches in such a 
way as partially to hinder from settling down, such pests as the oyster- 
shell, scurfy scale, some aphids and other insects. 


HOME-MADE CONCENTRATED LIME-SULPHUR WASH. 


Growers, having cooking plants, can make the lime-sulphur wash in a 
“concentrated” solution. This may be an economy of time, as large 
quantities can be made early in the season and stored until needed. 

It is difficult to make this wash of uniform strength. For this reason, 
every batch that is made must be tested with a hydrometer and diluted 
accordingly. 

The difficulty of getting a solution of uniform strength, apparently 
depends on the lime, which varies in composition and strength. Lime 
that contains more than five per cent of magnesium oxide and less than 
90 per cent of calcium oxide does not combine in the cooking with the 
sulphur in a way to make a good mixture. Special “spraying lime” is 
now on the market. 

There are several ways of combining the lime and sulphur, but always 
there are two parts, by weight, of sulphur to one of stone lime. The 
following three formulas are in common use: 


‘tone lime 75 lbs. ) 60 lbs. | 40 lbs. 
Sulphur 150 lbs. or 120 lbs. or 80 lbs. 
Water 50 gal. DO gaks - 4 50 gal. 


The lime is slaked to a thin paste and the sulphur is added. Boil 
for one hour and stir frequently. Water enough should be added so 
that there will be fifty gallons at the end of boiling. 

After it is cooked, if not to be used at once, it should be strained into 
a barrel which should be air tight, as exposure to the air causes the 
sulphur compounds to lose their value for spraying purposes. Fach lot 
that is cooked shouldbe tested with a hydrometer when cooled and di- 
luted, according to the dilution table on page 565, when applied: 


COMMERCIAL CONCENTRATED LIME-SULPHUR WASTI. 


There are several brands of the “commercial” concentrated lime-sulphur 
solution now upon the market. The use of these instead of the home 
cooked kinds is becoming more and more common every year, especially 
by fruit growers who do not care to take the time or trouble to 
cook the material for themselves or if they do not have good facilities 
for doing so. They are now reasonable in price—of fairly uniform 
strength, and do add to the ease of getting ready to spray as all that is 
necessary is to dilute with the required quantity of water. 
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TESTING AND DILUTING CONCENTRATED LIME-SULPHUR. 


Every “batch” of the home made concentrated lime-sul- 
phur wash will have to be tested when cooled to determine 
its strength and it will be well to test the “commercial” 
brands. This testing is done with a Baume hydrometer. 
It is a simple instrument used to determine the weight and 
density of liquids. It is made of glass, is about a foot 
long, and has a graduated scale on the side. 

It is absolutely necessary that the hydrometer be kept 
perfectly clean. If the solution is allowed to dry on it an 
accurate test cannot be made. 

It can be purchased from dealers in druggists supplies 
or from Bausch and Lomb Optical Company, Rochester, 
N. Y., Whitall Tatum Company, Philadelphia, Pa., or 
Taylor Instrument Companies, Rochester, N. Y. 

(See page 365 for the rates of dilutions.) 
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AMOUNT OF SULPHUR IN SOLUTION. 


The relation between the “Baume Test” and the sulphur in solution 
in the commercial or home made concentrated lime-sulphur wash can 
be determined from the following table. 


Pounds of 
Density, degrees. Baume. Total sulfur. a alion of : 
v solution. 
lbs. 

B88 95.0 CHE OS CEO bo GIRO DD eA OCR ee OES OME Peaehn Bm G cmos orn ae 26.0 227 
Sod 864 b1605 CADOL AO Odo COSTS OOOO OIG OIG Cigs1610.0 SOLD Cd aODIOL-GoIin c 25.0 2.6 
atl a temsey oe ob aA Re Ng Re Oe a On cdo 24.0 2.5 
Bll pas cip ce aa rionD 6 6016 60.90 DDO U.cce ED SIOICIE Kno G Centenenecn Dito cia ci Neato 23.0 2.4 
LD tae RMT RoMOu SGN etcven ey see Rees Te hesiesh catches sueiieus: ePewenerer cuepete ter kal erroletslisue leh Orel exsiieusic 22.0 2.3 
AS Sc. COT ORIN DAO Fo ADO MEIGS BOUL GN DUE SO. omORIEn tir Cooter NERDS: SrinasG 21.0 2.2 
Drie Pata a tedshatets. <febgh esta Ofaie Octet PNA ONG fouer sven « Rein To's bie. < Mayas s States oS Pe ony Ayes 20.0 Qik 
PAD a AG SOI OIots OO SOIC OF CONES UGS Bin 08 uc Coe OCICS SC Oi ore Reid cain aero AS 19.5 2.0 
Z3\.064 BAO OOH POD SGA OU DIOLS didoe Cin SIC clue OOo Onc de acres oO oie 19.0 1.9 
AMP T etree s Ne, crertie atels aus creheist here Crate crete cos ee ee rte cree Se ers ate eee 18.5 1.8 
225 HS 66 OOD OTD COC OTe oot OCS Dolo CO Oraic cin Sine Gicha.ORainicrs cy ortirrals | 18.0 128 
Wha & SSO IEA DODO DOO OOD D0 Ged Drool 8 Co LP tee Gat Oho ORS OO Oe OOO 17.75 T57 
Dil rae eM TAPER ea Povos coe otala Sto vaiay «dha Laraicalever cigheeyohidtsea ial Wink Grd eA casey erent rend 17.0 1.6 
PAU 5 6) Gictord Beo.0 cece DOCS CMD ICR EOEING SiO Maa Oe o-oo Ceo. aicno aac cre owon Crema 16.75 iG: 
TO soicin Oconto Brig Cee Ae aR RIOD SRO OERCRTO HORS OIE Ott Lica’ Giclee Neh Oentad 16.25 15, 
Is GaCBS Se lo Derde DORIC OS Se Om CO TEINS Ao DSA tins Cia > ois O cigbn occ Ses 16 0 1.5 
Uno. & SOOO OCR DOr Gg DOIG SC ORIAE RAD CALE OME Te eC OCIS CEC cate OREO I 15 1.4 


Cir. No. 10 Mich. Exp. Station. 
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DILUTE LIME-SULPHUR SOLUTION. 


For spraying on the foliage of apples, pears, European plums and 
cherries but not on peaches or Japanese plums, grapes or potatoes. 

This solution can be prepared for use in several ways. 

First, The “commercial” concentrated lime-sulphur solution can be 
diluted to the proper strength. 

Second, The “home made” concentrated lime-sulphur can be diluted to 
the proper strength. 

Third, The solution can be made at any time and in any quantity as 
follows: Boil in a few gallons of water for one hour, twice as many 
pounds of sulphur as of lime, strain and dilute with water so there 
will be 8 pounds of sulphur to every 100 gallons. 

Example: To make 100 gallons of spray solution, boil 8 pounds 
of sulphur and 4 pounds of lime as directed. 


SELF-BOILED LIME SULPHUR MIXTURE. 


This is a mixture of lime, sulphur and water and not like any of the 
other lime-sulphur sprays. It does not (when properly made) injure 
tender foliage and is very valuable for spraying peaches and Japanese 


plums. 
The formula is: 
TgeeTtigy: MIMIC SS og settee Coe ad es. e ches Cone wee ems .... § pounds. 
RSME eres antes STE Sk wi omen tase? ce cated Core qd heres 8 pounds. 
PVRECE cesta ve dtceteke ys Soca Ge cWile a rcrehees. cartels creme mene . 50 gallons. 


The mixture can be prepared better by using thirty-two pounds of 
lime, thirty-two pounds of sulphur, and eight or ten gallons of water, and 
then diluting to 200 gallons. 

Place the lime in a barrel and add enough water to almost cover it, 
as soon as the slaking begins, add the sulphur, which should be run 
through a sieve to break up the lumps. 

Stir constantly and add enough water to make a thick paste and 
then, gradually, a thin paste. As soon as the lime is well slaked, cold 
water should be added to cool the mixture and prevent further cooking. 
It is then ready to be strained into the spray tank, diluted up to the 
full formula, and used. 

Care must be taken not to allow the boiling to proceed too far, if the 
mixture remains hot for fifteen or twenty minutes after the slaking is 
completed, some sulphur will go into solution and injury to the foliage 
may result. 

The time of adding the cold water to stop the boiling depends upon 
the lime. With a sluggish lime all the heat in it may be needed, while 
with limes that become intensely hot, care must be taken not to allow 
the boiling to proceed too far. 


SOLUBLE SULPHUR POWDER. 


There has appeared on the market a form of sulphur compound that 
ean be dissolved in water, and is recommended as a substitute for 
lime-sulphur. It has been tested in a limited way by this Experi- 
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ment Station; one apple tree, badly infested with the San Jose scale 
was sprayed in March 1912. Frequent examinations indicated that 
the scale was destroyed. More extensive experiments are in progress. 


BORDEAUX MIXTURE, 


Bordeaux mixture is made of copper sulphate, lime and water. 

These three substances are combined in various proportions, depend- 
ing upon the kind of plant to be treated. For apples, pears, cherries and 
plums (except Japanese varieties) the preparation is usually four 
pounds of copper sulphate, with about the same amount of lime, to fifty 
gallons of water. Poison is added as needed. The copper sulphate will 
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readily dissolve in two gallons of hot water, to which should be added 
enough water to make twenty-five gallons or one-half barrel. Do not use 
an iron or tin vessel to dissolve this in, as the copper sulphate will de- 
stroy. it, and besides the iron will spoil the Bordeaux. A wooden pail 
is good. Slake the lime into a thin paste and add water to make twenty- 
five gallons. Pour, or let these run together into a third barrel, and the 
Bordeaux is made. When it is emptied into the spray barrel or tank, it 
should be strained through a brass wire strainer to catch any of the 
coarse particles. 

Whenever it is necessary to use a quantity of the mixture, it is de- 
sirable to have the lime and the copper sulphate in “stock solutions.” 
A quantity of lime is slaked to a paste and held so by being covered 
with water. The copper sulphate, say fifty pounds, is placed in a clean 
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gunny sack and suspended in a barrel (one with wood hoops is much to 
be preferred) containing twenty-five gallons of water. This will dissolve 
in about a day. One gallon of this “stock solution”* is equal to two 
pounds of copper sulphate. 

A good quick way to combine these three substances is as follows: 
Put the amount of the “stock solution” of copper sulphate required in 
a barrel, and add enough water to make 25 gallons, or one-half barrel. 
Put about 7 pounds of the lime paste in a barrel and add 25 gallons of 
water, making a thin whitewash. Pour, or let these two run together 
into a third barrel, or directly into the spray barrel or tank, being sure 
to strain. When partly run in, test with ferro-cyanide of potash; to 
make sure enough lime has been used. If Paris green, arsenate of lead, 
or any other poison is to be used, make it into a thin paste with a little 
water and add it to the Bordeaux mixture, which is now ready to be 
used. 


COPPER SULPHATE SOLUTION 


Is copper-sulphate dissolved in water. It is used by some growers 
to spray peach trees to prevent the leaf curl where a spraying for scale 
insects is not required. Two pounds of copper sulphate to 50 gallons of 
water is strong enough for this purpose. 


POISONS USED IN SPRAYING. 
For Insects That Chew. 


ARSENATE OF LEAD. 


This poison is used very extensively. It can be secured for reason- 
able price, is ready to use at any time, does not easily injure the foliage 
and is the only poison that can be safely used in the lime-sulphur sprays. 

Injury to tender foliage like the peach has occasionally occurred by 
spraying with arsenate of lead and water when the foliage was moist 
from dew or rain. If necessary to spray tender foliage (peaches or 
Japanese plums) at such a time it would be well to add 3 to 5 pounds 
of slaked lime to every 50 gallons of the spraying material. 

Arsenate of lead is usually sold in kegs or “kits” or small barrels in the 
form of a paste. Some companies have it in a powdered form. This form 
usually costs twice as much or more per pound as the paste form and 
since it does not contain much water only one-half the amount in 
weight should be used as is recommended for the paste form. 

A simple, easy way to work the thick pasty arsenate of lead into a 
thin, smooth paste (as it should be before using either alone or in some- 
thing) is to put the amount required in a keg; add water ‘and churn 
with a dasher. This is much quicker than to use a paddle. 


* Always stir this “stock solution” before.dipping any out, in order that what is used may be full 


strength. 

t This chemical can be secured of any druggist. Ten cents worth dissolved in a pint of water will 
be enough for a season. Drop a very little in the Bordeaux, if a reddish brown color appears more 
lime must be added. ‘If there is no discoloration, there is enough lime. Ferro-cyanide of potash 
is extremely poisonous, so observe great care in its use. 
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PARIS GREEN AND LIME. 


Always use lime with Paris green, it makes the poison stick better. 
besides greatly reducing the danger of burning the foliage. 

For spraying from a barrel, the writer has found the following method 
very useful: Place from one-quarter to one-half pound of good lump 
lime, or unslaked lime, in each of three or four tin pails which will 
hold about three quarts or less. Old cans or crocks will answer just as 
well. Add enough hot water to slake it into a thin cream or paste. 
Now add to each lot, one-quarter pound of Paris green, previously 
weighed out, and placed in paper bags, stir while the lime is hot and 
allow to stand for some time. Now measure out about forty-four gallons 
of water in your spraying barrel, and make a mark that will show 
how high it comes in the barrel, add the contents of one tin pail (viz., 
one-quarter of a pound of Paris green and one-half pound of quick-lime 
slaked) into the forty-four gallons of water in the barrel. Stir well and 
spray. The pails or crocks can be used one at a time and refilled occa- 
sionally so that the stock is always on hand ready for use. 


ARSENITE OF SODA—-KEDZIE FORMULA. 


This form of poison was originated at this Station by the late Dr. 
R. C. Kedzie. 

This is a cheap, effective poison that can be prepared at home. It 
is used by many of the grape growers of Michigan in combination with 
the Bordeaux mixture. It cannot be used in the lime-sulphur sprays. 
If used alone—as is sometimes done for potato bugs—slaked lime must 
be added or the foliage will be burned. 

The formula is: 


RE AESEMI Ce men operas a inal sates 8 ape ays are ais. 5 = om sue e's cee ae 2 pounds 
Sal Soda (commonly called washing soda)........... 8 pounds 
IER U2) Tia eo Sen alee ey nee eee ROR aE ar ci hea as 2 gallons 


Boil these materials in any iron pot or kettle not used for other pur- 
poses for about 15 minutes or until the arsenic dissolves, leaving only 
a small muddy sediment. Put this solution into a jug or other vessel 
that can be closed tightly and label “Poison.” 
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One quart of this solution is equal to 45 pound of Paris green. For 
most spraying one quart in 50 gallons of water (with some lime) or Bor- 
deaux mixture will be sufficient, 


CONTACT INSECTICIDES, FOR INSECTS THAT SUCK. 


KEROSENE EMULSION. 


Place two gallons of ordinary kerosene in a warm place, either in 
a warm room or in the sun, and allow to become as warm as possible 
without danger from fire. Boil one pound of laundry soap or whale oil 
soap in a gallon of soft water until completely dissolved. Remove the 
soap solution from the fire, and while still boiling hot, add the kerosene 
and agitate vigorously for ten minutes, or until the oil is emulsified, 
with a spraying pump by forcing the liquid back into the vessel from 
which it was pumped. When the liquid is perfectly emulsified it will 
appear creamy in color and will flow evenly down the side of the vessel 
when allowed to do so. Care should be taken to completely emulsify the 
oil and this is accomplished much more easily when the mixture is hot. 

This strong emulsion may now be readily diluted with water and used, 
or it may be stored away for future use. When cold it becomes like 
sour milk in appearance and should be dissolved in three or four times 
its bulk of hot water before diluting with cold water. If the water 
is at all hard, “break” it by adding a little sal soda before putting in the 
soap. 

Small amounts of this emulsion may be made by using the ingredients 
in small quantities, but in the same relative proportion.. It is used at 
the rate of eight or ten parts of water to one part of emulsion. 


HELLEBORE. 


White hellebore is the powdered root of a plant. It kills both by 
contact and as an internal poison. It may be applied either dry or in 
the form of a liquid. When used dry it should be mixed with three or 
four times its weight of flour or of plaster and then dusted on the in- 
sects. Applied wet, one pound should be mixed with twenty-five gallons 
of water and this liquid applied as a spray. 


INSECT POWDER, BUHACH, PYRETHRUM. 


This valuable remedy has one drawback, its cost. It is too expensive 
for use on a large scale. It kills insects through their breathing pores, 
but is harmless to man and beast. It will kill many of the insects of 
the garden if dusted on or applied as a spray at the rate of one ounce 
to two gallons of water. 

Use the powder when it is undesirable to use poison, but never buy 
any unless it comes in tightly sealed packages. It loses its strength on 
short exposure to the air. An hour will suffice to weaken it. It must 
be applied from time to time, as it quickly loses its strength. 
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TOBACCO. 


Tobacco in the form of dust may be obtained of the large manufac- 
turers for a few cents a pound. 

It is useful in destroying root-lice, especially woolly-aphis, in young 
trees, and in keeping insects from garden truck. For root-aphis, in- 
corporate four to six handfuls of tobacco dust into the soil about the 
roots and induce a thrifty, healthy evowth by using liberal quantities 
of nitrate of soda or barnyard manure early in the spring. 

A strong infusion or tea made of waste will kill plant lice if sprayed 
when they first appear. 

Nicotine is to be had now in concentrated form. It is more often 
sold about 40 per cent strong. This may be diluted many hundreds of 
times before applying. As there is a diversity of grades and brands to be 
had, it will be well to use the strength recommended by the makers. 


HYDRATED LIME. 


Finely slaked lime is often useful because of its slight caustic proper- 
ties. Against such larvae of saw-flies and beetles as are sticky, for in- 
stance, those of the cherry-slug and asparagus-beetle, it may be used as 
a substitute for poison, if the Tatter, for some reason is undesirable. 

Stone lime may be slaked with a small amount of hot water, using just 
enough to turn it to a dry powder. Such slaked lime is as fine as flour 
and very soft to the touch, having very little grit. Use a metal pail or 
kettle to slake in, as the heat may set fire to wood. Do not use too much 
water, and where possible, use freshly burned lime. 

Hydrated lime may be used in making Bordeaux mixture, but it is not 
as reliable as good, fresh, lump lime. It is less adhesive, not as strong 
(so more should be used) and more expensive. The one advantage is that 
it is a little easier to use. 

Ground lime for making Bordeaux mixture acts exactly like lump lime, 
if fresh, but this is difficult to determine as it is already in a powder. 


CAUTIONS. 


Do not spray while plants are in bloom. It is prohibited by law, ex: 
cept when canker-worm i8 present, and may destroy bees and other bene- 
ficial insects. 

Do not dissolve copper sulphate in an iron or tin vessel. It will ruin 
the vessel and spoil the spraying solution. 

For all spraying solutions containing copper sulphate, the pump must 
be brass or porcelain lined. 

Wash out pump and entire outfit each time after using. 

Use arsenate of lead on stone fruits in preference to other forms of 
arsenical poisons. It is less liable to burn the foliage. 

Do not spray fruits or plants with poison within a month or more of 
the time when they are to be picked. 

Keep all “stock solutions” covered to prevent evaporation. 

Do not spend money for freak “cure-alls,’ such as powders to be put 
into a hole bored in the trunk or limbs of trees or liquids to be diluted 
and poured on the ground beneath the trees. They may do considerable 
harm. me 
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WHEN THE CODLING-MOTH FLIES. 


While the first week in August is a good average time for applying an 
arsenical spray for the second generation of the codling:moth in Michi- 
gan, it is well to remember that seasons vary, and that the time set aims 
merely at an average. To determine exactly each year just when to get 
the highest efficiency out of a spray, for a particular locality, requires 
only a few hours of work, providing one can find some neglected apple 
trees near at hand. 

First of all scrape off all loose bark-flakes from the trunk and limbs 
of several trees, thus destroying all the natural places for the hiding 
away of the cocoons. The scraping is most easily done while the bark 
is soft after a prolonged rain. 

Next, make some bands of burlap six or eight inches broad and three 
or four layers thick; place one around the trunk of each prepared tree 
and fasten with a headless wire nail driven into the tree so that the 
band can easily be removed. Do this in June so that the cloth may be- 
come weathered before the time for spinning. The larvae in searching 
for a good place to spin cocoons will find the bands, in the absence of 
other protection, and spin cocoons there. 

Occasionally examinations during July will reveal these cocoons which 
should be carefully removed by cutting out a small bit of the cloth 
to which each is fastened. 

Place all these bits of cloth with the cocoons attached in a cage made 
of a lantern globe or some other glass cylinder open at top and bottom, 
and then tie a bit of mosquito netting over the top to confine the insects 
when they come out of the cocoons. If the lantern globe is set on a 
little soil in a flower pot and the soil is kept just slightly moist, the 
chances of getting the moths out are increased. 

Now put the cage thus prepared in a shady place where the sun cannot 
strike it to sweat it, and where the rain cannot penetrate. Outside of 
protection from rain and sun the conditions should be as near those of 
the outside as possible. Keep the soil in the pot just moist and look for 
the moths often during late July for they will hide down under the 
layers of burlap and may be overlooked. When you see them in the 
cage, then you will know that they are laying eggs in the orchard and 
the time to spray is just before the young hatch and go into the fruit, 
which is about a week or ten days later, not afterward. Of course, they 
do not come out all together, but string along over quite a period. 


EXPERIMENT 


STATION BULLETINS. 


TABLE OF DILUTIONS FOR CONCENTRATED LIME-SULPHUR 


To spray for San Jose and other 


scale insects. 


If Baume 
test is 


Amount below 
should be diluted 
to 50 gallons. 


WASH. 


If Baume test is 


Summer Sprayings for Apples, Cherries, 
and European Plums. 


Amount below 
should be diluted 
to 50 gallons. 


64 gallons 
gallons 
gallons 
7 gallons 
74 gallons 
7? gallons 
8} gallons 

? gallons 
9 gallons 

4 gallons 

? gallons 
10 gallons 
103 gallons 
10? gallons 
114 gallons 
1134 gallons 
12 gallons 


33, 32 or 31 
30, 29 or 28 
27, 26 or 25 
24, 23 or 22 
21, 20 or 19 


———————————SSSs 


oo, o2 OF ol 
30, 29 or 28 
27, 26 or 25 
24. 28 or 22 
21, 20 or 19 


1} gallons 
14 gallons 
1? gallons 
2 gallons 
24 gallons 


Summer Spraying of Pears. 


1 gallon 
14 gallons 
14 gallons 
1? gallons 
2 gallons 
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COVER CROPS FOR MICHIGAN ORCHARDS AND VINEYARDS. 
Circular No. 18. 


BY H. J. EUSTACE. 


Trees and vines make most of their new growth from the time the buds 
open in the spring until mid-summer. During this time, it is desirable 
that the plant food in the soil be most available and this is secured by 
the quite general practice of either plowing, harrowing or discing the 
soil early in the spring and keeping it well cultivated until mid-summer. 
By ceasing cultivation at this time, the new growth will ripen and harden 


Sod mulch system—Barnyard manure spread on the sod. 


so that it may not be injured by the low temperature of the winter, as 


it might be if cultivation were continued until fall and the new wood, 
thereby, kept soft and full of moisture. 


After cultivation is withheld, weeds will start and usually will cover 
the land, in part at least. But a crop of weeds is unsightly and may 
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become a nuisance and they do not constitute an addition to the soil, 
as some other plants do. 

It is very desirable to have some “cover crop” growing uniformly upon 
the soil after cultivation has been stopped. At this time, the trees do 
not need the plant food or moisture that these “cover crops” will utilize 
and so they are not competing with the trees but co-operating. 

There are numerous plants that are well adapted for cover crop pur- 
poses, some more desirable than others, largely depending upon the con- 
dition or method of handling the orchard soil or location. 

A brief reference to the most common systems of orchard soil manage- 
ment is necessary to understand what kind of plants can be used to the 
best advantage under the different systems. 

In Michigan there are three more or less general systems of handling 
orchard soils. 

1. The sod mulch system. A permanent sod is maintained and as 
the grass is cut, it is allowed to remain on the ground to decay. Manure 
or commercial fertilizer when used is applied upon the sod. A mulching 
of straw is sometimes spread beneath the trees. 

Cover crops cannot, of course, be used in this system of orchard soil 
management. 

2. The orchard soil is not plowed but harrowed or disced as early 
in the spring as practicable. 

The soil is kept cultivated by frequent harrowings until mid-summer 
and at that last cultivation, a cover crop is sown. 

Under this system a cover crop plant that dies in the winter is better 
than one that grows in the spring. It is difficult to work into the soil 
in a satisfactory way with a harrow: or disc, a large live plant. The fruit 
grower who handles his soils in this way should use for a cover crop, oats 
and peas, barley, buckwheat or some such plant. 

3. The orchard soil is plowed early in the spring and kept cultivated 
by frequent harrowings until mid-summer when a cover crop may be 
sown. Since plowing is practiced, a large growth of any plant can be 
easily handled and plants that live over winter and grow in the spring 
can be utilized. 

The advantages of having a cover crop in an orchard or vineyard are 
generally well known but important enough to be mentioned again. 

1. As has been previously mentioned, their growth late in the season 
has a tendency to check the growth of the trees and this results in the 
hardening of the new wood so that it is in good condition for the winter. 
Trees that grow late in the summer or fall are often very seriously in- 
jured by the low temperature of the winter. 

2. The hard rains of both fall and spring will wash the rich top soil 
very seriously on slopes unless the ground is covered with a good growth 
of some plant, the roots of which will tend to hold the soil together and 
prevent the washing. 

3. <A cover crop will catch the leaves and sraveint them from blowing 
away. In addition to the fertilizer in the leaves, they add humus to the 
soil. A Baldwin apple tree of bearing age and normal size produced 
80 Ibs. of leaves, a R. I. Greening 81 Ibs., Champion peach 46.28 Ibs., 
Elberta peach 38.26 Ibs., Hills Chili peach 52.71 Ibs., Kieffer pear 38.62 
lbs., Italian prune 19.56 lbs.'. Such a mass of material from a tree 
should be saved on most soils. 


iNew York Agricultural Experiment Station Bulletin 246. 
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4. As the name implies, a cover crop makes a cover on the land, which 
is often extremely valuable in lessening the injury that may result from 
the low temperature of the winter. 

This cover of vegetable growth supplemented by the leaves and the 
snow it holds, will be very valuable in preventing the deep and severe 
freezing of the soil and tree roots. In winters of exceptionally low tem- 
perature, this deep and alternate freezing undoubtedly destroys many 
trees. 


Soil washing where there is no cover crop. A cover of winter vetch in back ground has prevented 
washing. 


Possibly one of the greatest benefits that results from the utilization 
of a cover crop in Michigan orchards and vineyards is that they add 
humus and plant food to the soil. 

When a plant is plowed under or worked into the soil with the dise 
or harrow, it decays and the plant food elements that it contains which 
have been taken from the soil in the unavailable state are, by the pro- 
cess of decay, liberated and become available. Since the cover crop plant 
takes up and saves plant food during the fall and early spring, when 
the tree does not require it, it is really a fertilizer manufacturer. The 
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legume plants, several of which are used for cover crops have the power 
of gathering nitrogen from the soil and air and storing it until they 
decay. As nitrogen is a valuable plant food element, legumes are 
especially desirable for cover crop plants. 


CHOICE OF A COVER CROP PLANT. 


The selection of a plant for cover crop purposes depends in the first 
place, on what system of soil management is followed. In orchards that 


A cover crop of buckwheat holding the leaves. Photo, April, 1912. 


are plowed, a plant can be used that lives over winter and makes a large 
growth early in the spring before plowing time. <A cover crop plant that 
dies in the fall is much easier to work into the soil by the harrow or 
disc than a heavy green crop. Where this system, instead of plowing, 
is practiced, oats and peas, buckwheat, barley or rye should be 
used. Rye lives over winter and grows in the spring but it can be worked 
into the soil with the disc without much trouble. 

When orchard trees are growing too rapidly, or are making too much 
wood at the expense of fruit production, it would not be advisable to 
use a legume plant, as the clovers, vetches, peas or beans. This class 
of plants add considerable amounts of nitrogen to the soil. It is this ele- 

47 
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ment of plant food that stimulates a tree into wood growth. In such 
an orchard some non-legume plant as buckwheat, oats or rye would be 
better. It may be advisable in some orchards to rotate the use of the 
cover crop, using a nitrogen gatherer one or two years and the third 
year use a non-nitrogen gatherer. 

The locality of the orchard is important. Some plants that are very 
desirable for a cover crop will not grow enough to be successful in the 
northern part of the fruit growing section of Michigan. 

The requirements for a cover crop plant are several and the conditions 
under which they are expected to grow are quite variable. A plant that 
comes the nearest to fulfilling the particular conditions, should be se- 
lected. The best plant is one that starts to grow quickly and is not 
difficult to secure a uniform stand, even in partial shade. It must with- 
stand a possible drought. It must withstand the tramping of picking 


Winter vetch cover crop in Mason Co. sown Aug. 4, 1910. Photograph made May 18, 1911. Soil 
washing prevented on side hill. 


time. It must make at least a fair amount of growth in the late sum- 
mer and fall. The seed cannot be too expensive or difficult to secure in 
large quantities. If the plant is the “live over winter” kind, it must 
be hardy enough to stand a low temperature, possibly without much 
- snow for a protection. 

For the past few years the Horticultural department has been making 
tests of various plants for cover crop purposes. These tests have been 
in orchards of various ages and on different soil types, and located in 
various parts of the state. 


WINTER VETCH. NITROGEN GATHERER. 


This plant is sometimes called hairy or sand vetch. It is a European 
plant and practically all the seed is now imported from Germany. It 
has been used for many years in the South as a forage plant and during 
the past few years has been gaining favor in the North for cover crop 
purposes. 

It should be sown in late July or early August; it is very easy to se- 
cure a uniform stand; the seed does not need to be inoculated. It with- 
stands the possible late summer dry spell and the tramping by pickers 
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and packers at harvesting time. It does well upon a variety of soils 
but appears to succeed better upon a sandy soil than upon a heavy clay. 
It does not grow very large in the fall and for this reason it is well to 
sow a bushel of oats or rye per acre at the time the vetch seed is sown. 
The oats will make a quick growth or “catch crop” and die late in the 
fall, the rye will live over winter and grow in the spring. It has 
been tried from Emmet county to Berrien county and has not winter- 
killed except in a very few much exposed knolls. It adds a large amount 
of nitrogen and humus to the soil. In May, 1911, the crop not including 
roots on one square yard was 5 Ibs., equal to 12 tons per acre. 


Mammoth clover sown Aug. 20, 1910. Photo Mammoth Clover. Same orchard as sown 
Oct. 12, 1910. on left. Condition on May 18, 1911. 


The difficulty of plowing under this heavy growth in the spring will 
not be troublesome if done at the proper time. Should the growth be 
excessively large, use a chain or rolling coulter upon the plow. 

Good results have been secured from the use of 20 to 25 pounds of 
seed sown broadcast and if drilled, the amount can be reduced to 18 
pounds or possibly 15 pounds with a bushel of oats. 

It is hoped that Michigan fruit growers who have not yet tested this 
promising plant for a cover crop, will do so this season. 


SPRING VETCH. NITROGEN GATHERER. 


This plant is sometimes confused with the winter yetch. To the 
casual observer, it looks similar. If sown late in July or early in August 
and a liberal amount of seed (90 pounds per acre) is used, a very heavy 
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and uniform cover crop may be secured. The plant winter-kills and by 
spring there is little left to work into the soil. For plowed orchards it 
is not as valuable as winter vetch and it does not seem to be as valuable 
as oats and peas for orchards where a cover crop that does not live over 
winter is wanted. 


MAMMOTH CLOVER. NITROGEN GATHERER. 


While mammoth clover often makes a very fine cover crop, it is not 
as dependable under as many conditions as the winter vetch. 

To secure a good “catch” of mammoth clover, there must be a well 
prepared seed bed, which will be made possible if the spring and early 
summer cultivations were frequent. If the weather conditions are favor- 
able during the late summer and fall, a fairly good growth will be se- 
cured. It is checked by the cold. A large growth will be made in the 
spring if there is an abundance of moisture and under such a condition, 
the plowing can and should be delayed until the clover has attained a 
good size. But upon many of the Michigan orchard soils, owing to a 
lack of moisture, it will not be practicable to delay the plowing until 
the plant has grown to even a fair size and this is especially true during 
a spring when the rainfall is light. 

Mammoth clover appears to do better upon a clay soil than winter 
vetch. It has proven hardy in our tests. Not less than 20 pounds of 
seed per acre should be used. 


CRIMSON CLOVER. NITROGEN GATHERER. 


Crimson clover has not been a success as an orchard cover crop in 
Michigan, except in the southern counties. In a few tests in the north- 
ern part of the state, we have secured good stands, but it cannot be 
relied upon. This uncertainty is due to its lack of hardiness. It so often 
winter-kills that in the spring it is “patchy.” 

We have tested the scheme of sowing buckwheat with the clover to 
prevent winter injury. The buckwheat would make a quick growth and 
in the winter serve as a protection to the young plants. The scheme has 
not proven successful in our tests. The crimson clover being as “patchy” 
where the buckwheat was sown as it was where it was not. 

The plant might be utilized in orchards in the southern counties of 
the state but we would not suggest its use in the northern districts. 

In cultural requirements and habit of growth it is similar to the 
mammoth clover and the same amount of seed, 20 pounds per acre, should 
be used. 


COWPEAS OR VELVET BEANS. NITROGEN GATHERERS. 


We have tested cowpeas for several seasons and have not found them 
satisfactory for a cover crop under Michigan conditions. The plants 
are killed by the first frost and this occurred before they have made 
eyen a fair sized growth, even when sown as early as possible and sup- 
plied with a quick acting commercial fertilizer. 

We have had similar experience with the yelvet bean. 
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CANADA PBRAS. NITROGEN GATHERER. 


It is much better to use Canada peas with oats and they will be dis- 
cussed later. 


ALFALFA. NITROGEN GATHERER. 


Alfalfa is sometimes suggested and occasionally used as a cover crop. 
It is not adapted for such a purpose and should not be used. It is too 
difficult to get a good stand and when once secured too valuable to plow 
the following spring. The alfalfa roots are exceedingly tough and the 
plowing is very difficult. 


Oats and peas cover crop. Sown Aug. 11, 1910. Oats and peas same orchard shows it picture on left. 
Photo, Oct. 12, 1510. Condition on May 18, 


BUCKWHEAT. NON-NITROGEN GATHERER. 


Buckwheat is reliable as a cover crop. A uniform catch is secured 
without difficulty, even on a hastily prepared seed bed, it grows quickly 
and usually attains a good size before it is killed by the frost and after 
this the stalks stand erect until early winter so the leaves and snow 
are caught and held. The plant does well on a great variety of soils, 
both those that are well supplied and those that are deficient in plant 
food and humus. The root system of buckwheat is large and the roots 
fine and they leave the soil in a good condition after plowing or harrow- 
ing. Since buckwheat grows so rapidly it can be sown a little later than 
most other crops. One bushel or 48 pounds of seed per acre will give 
a fine, heavy stand. 
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RYE. NON-NITROGEN "GATHERER. 


Rye will probably succeed better under more unfavorable cultural con- 
ditions than any other plant used for cover crop purposes. It does well 
upon poor soils that are deficient in humus and upon new and “rough” 
or poorly prepared soils. It is useful upon very dry soils as well as on 
those abundantly supplied with moisture. It will make a fair growth 
during the fall and will start to grow early in the spring, so by the time 
the plowing or harrowing should be done, there is a good, heavy growth 
to turn under. The large size of the plant does not interfere with plow- 
ing nor is it difficult to work it into the soil by discing. 

Plowing or discing should be done by the time the head begins to form, 
if delayed after this time, the plant draws heavily upon the soil mois- 
ture and it becomes so hard and tough that it does not decay for a long 
time. 

One bushel of seed, or 48 pounds per acre, will give a good stand. 


Rye cover crop in vineyard, Van Buren Co. 


OATS OR BARLEY. NON-NITROGEN GATHERERS. 


Oats are frequently used alone for a catch crop. The seed is not ex- 
pensive, easily obtained and is much better than nothing or weeds. They 
can be sown late and will make a good cover and on this account, some- 
times have to be resorted to in a very dry or otherwise unfavorable sum- 
mer. But a combination of oats and winter vetch or oats and peas is 
much better. 

A bushel of oats per acre whether alone or in combination will make 
a good thick stand. 

Barley is frequently used for a catch crop and makes a little heavier 
growth than oats. The seed is not as easily obtained which is probably 
one reason why it is not used more. The same amount per acre is used. 


OATS AND PBAS. 


A combination of oats and Canada peas make a very desirable catch 
crop and it is used quite largely in orchards that are disced or harrowed 
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instead of plowed. The plants make a large growth before they are 
killed in the fall and the dead tops are easily worked into the soil in 
the spring. 

Since these plants make a good growth quickly, they are valuable to 
use where the catch crop has by necessity to be sown somewhat late in 
the summer. 

Use one bushel of oats and one bushel of Canada peas per acre. The 
combination is much better than either plant alone. The oats are non- 
nitrogen gatherers and the peas are nitrogen gatherers. 

These seeds can be purchased of any seed dealer. Orders should be 
placed as early as possible, especially for winter vetch seed. This is 
practically all imported and the supply is limited. 

Seeds will be tested for their purity by the Botanical department of 
the Michigan Agricultural College, East Lansing. 
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CUCUMBERS AS A CASH CROP. 


Circular No. 19. 


To produce cucumbers profitably demands a location near a good sized 
town or a salting station and where enough help to do the picking can 
be secured. The crop will do well on a variety of soils. If planted on 
soil that is inclined to be light and also deficient in humus, the yield 
may be shortened unless rain is plentiful during July, August and 
September. If planted on heavy clay, the plants may suffer in a wet 
year from the soil becoming hard and packed, caused by tramping while 
picking the cucumbers. <A clay loam that is well supplied with humus 
or decayed vegetable matter is very satisfactory. If it is tile drained, 
so much the better for at picking time, one must get on the ground 
to pick no matter how wet the soil may be. 

A clover sod plowed early, worked down and harrowed occasionally 
until planting time makes a good seed bed. Timothy sod handled in 
the same way is also suitable if it is not too badly infested with cut 
worms. In fact, any soil intended for cucumbers should be plowed 
early and kept well worked till planting time. Such a method of hand- 
ling pays for several reasons: 

First.—It helps rid the soil of weeds. When soil is plowed, rolled and 
worked down reasonably fine, millions of weed seeds will germinate 
in a few days which can be destroyed by harrowing on a bright day. 
A second harrowing a week later will destroy a second lot of seedlings. 
A third and fourth harrowing will destroy a third and fourth lot of 
seedlings and the fourth lot will just about rid the top soil of weed 
seeds. The cheapest, quickest and best way to cultivate a crop is to 
harrow the soil before the seed for that crop is planted. 

Second.—Keeping the soil well worked conserves moisture and enables 
the seed to germinate no matter how dry the weather may be at plant- 
ing time. Soil that has not been plowed or worked until it is needed 
for planting is quite likely to be dry and full of clods. By the time 
these clods have been worked down sufficiently fine, the top soil has 
lost much of its moisture. Such soil might do as a seed bed for corn 
or for any crop with large seeds which may be planted quite deeply, 
but it will not be satisfactory for cucumber seeds which should not be 
planted over an inch deep. Soil which has been plowed early and 
harrowed occasionally will be moist an inch below the surface, even 
during a very dry time. Seed planted in such a soil will germinate 
readily and produce an even stand of vines which is worth a good deal 
to any grower. 

Third.—Karly plowing and frequent harrowing will put the soil in 
such a physical condition that it will not pack and bake after every 
rain. It will become loose, mellow and friable; rain falling upon it 
will drain away, leaving it in practically the same condition as it was 
before the rain, while a rain upon freshly plowed ground is quite 
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likely to cause a crust to form. If seed has just been planted or if the 
young plants are just up, such a crust will be very injurious. 

Fourth—Early plowing and frequent harrowing makes the plant food 
in the soil more ayailable and plant food must be in solution before 
plants are able to use it. The more finely divided a substance is, the 
more readily will it dissolye. This clearly illustrates why a well pre- 
pared seed bed has advantages over lumps and clods. Harrowing the 
soil aerates it, that is, it enables the air to enter the soil more readily. 
Besides, soil contains minute forms of plant life, known as bacteria, 
which only thrive and multiply in the presence of air, These bacteria 
are beneficial inasmuch as they break down complex forms of plant food 
and make it more quickly available for the plants’ use. 

Cucumbers are not hard on the soil but to be a successful crop the 
soil should be quite rich. They are quick growing plants and have not 
the time to rustle for a living, nor can the grower afford to have them 
do so. The thing to do is to provide them with an abundance of plant 
food so that they may grow, as it were, at high pressure. On the ayer- 
age land, they should not follow sugar beets, cabbages, potatoes or oats 
unless such land has, in the mean time, received a liberal application 
of barn-yard manure or commercial fertilizer. 

No fertilizer material gives better results than well rotted stable 
manure. If it is plentiful it may profitably be spread broadcast and 
plowed under, but if the supply is limited, it will be most economical if 
applied in the hills. 

If commercial fertilizers are to be used, the ground should be plowed 
early and the fertilizer drilled broadcast as early in the season as pos- 
sible. When the cucumbers are to be grown for pickles, a fertilizer of 
the following composition is recommended. 


JT CELE iy Jeo Res Ste RE ee RRS are 3 to 4% 
Available Phosphoric acid. ..: 227. on. eve, stare 8% 
1 EINTCISM | Goal es Sa Ae Beene yc ON Ore ee rer eae ee oes, 6. t01,10% 


About one-half of the nitrogen should be in the form of nitrate of 
soda and the remainder as readily available organic nitrogen, such as 
dried blood or high grade animal tankage. A fertilizer of about this 
formula can be readily obtained of any manufacturer. From 500 to 
1000 pounds, depending upon soil conditions, should be used per acre. 

In using commercial fertilizers, it should be remembered that the 
best results will be obtained when they are used upon soils that are in 
good physical condition and well supplied with organic matter. 

Unless manure is to be used in the hills, a corn marker with teeth 
six feet apart is all that is necessary to mark the rows. Six by four 
feet is the ordinary distance when planting in hills is practiced and if 
it is desired to cultivate both ways, simply mark both ways and plant 
at the intersections of the marks. When manure is to be used in the 
hills, mark in the same way, but the rows six feet apart will have to 
be furrowed out with a walking plow. Throw a forkful of manure in 
the furrow at each intersection and cover with a hoe after having 
first packed the manure with the feet or the back of the hoe. The 
manure should be put in the hills as early as possible but in harrowing 
the soil after they are made and before planting, care should be taken 
not to entirely fill the furrows so as to obliterate the rows. 
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When a large acreage is grown, the practice is to double furrow the 
row, that is, plow a dead furrow every six feet. In this furrow dis- 
tribute the manure with a manure spreader, using the attachment to 
narrow up the discharge. Cover the manure by plowing a back furrow 
upon it. Roll as soon as possible and drag the ridge with the rest of 
the field, dragging lengthwise of the rows. The seed may be planted 
in hills upon this ridge or a garden drill may be used and a continuous 
row sown. There should be a plant every two or three inches and 
these should be thinned to a foot or eighteen inches as soon as all danger 
from the cucumber beetle is over. A continuous row) has some ad- 
vantages over hill planting but if the ground is inclined to crust, the 
young plants will have more difficulty in breaking through than if they 
were planted in hills. The ground is more evenly occupied and the 
roots are not so crowded. Such a row is also easier to pick especially 
if, when the vines have run about two feet, they are placed at right 
angles to the row. Cucumbers should be cultivated to destroy weeds 
and to maintain a dust mulch. Any cultivator suitable for corn will 
do the work but the teeth should be set more shallow for cucumbers 
than for corn. It is better not to work too close to the plants with 
the cultivator, and if the soil crusts and there are weeds in the hills, 
they will require one or two hand hoeings. It will pay well to culti- 
vate often enough to maintain a good dust mulch. 

When cucumbers are grown under contract, the company usually 
reserves the right to choose the variety that shall be planted by their 
growers. This is done for two reasons: (1) If each individual grower 
was permitted to choose the variety he should grow, there would be a 
great many varieties planted which would result in a lack of uni- 
formity in the cucumbers delivered to the salting stations. (2) Most 
pickling companies market the bulk of their small cucumbers in glass 
jars or bottles. They have found that only three or four varieties 
produce suitable cucumbers for this purpose. 

Boston Pickling, Chicago Pickling and Snow’s Perfection are the 
three varieties that are usually grown under contract. They are pro- 
lifie yielders, producing their cucumbers in clusters. 

When cucumbers are grown to be sold direct to the consumer or to 
a retail grocer, some strain of the White Spine is generally grown. 
This is a prolific variety which yields fine straight cucumbers but 
which are a little too large in diameter to be suitable for bottling. This 
is also a good variety to grow when it is desired to produce early 
“slicers.” Slicers are the large cucumbers suitable for slicing and are 
eaten fresh. 

Some of the Long Green strains will produce “slicers” of better quality 
but not so early in the season as the White Spine. They are freer 
from seeds and the flesh is firmer and when well grown, they will com- 
pare favorably with hot house cucumbers. Varieties suitable for hot 
house culture are not adapted to be grown under field conditions. 

Usually cucumbers are planted about June Ist and picking will begin 
the latter part of July or the first of August, depending upon the 
thriftiness of the vines. The first two or three pickings will hardly pay 
for the gathering but it is very necessary to remove them for the good 
of the vines. The fewer the cucumbers that are allowed to become 
full grown, the better will the vines bear. Very few growers realize 
what a bad effect if has upon vines to allow the cucumbers to become 
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over-grown or the injury that may be done in careless picking, which re- 
sults in tearing and breaking the vines. In average growing weather, 
48 hours may intervene between pickings and later in the season, 72 
hours may not be too long. This is assuming that the vines are picked 
reasonably clean at each picking. It is impossible to find and remove 
every cucumber at any one time, but that should be the aim. Large 
cucumbers in which seeds are forming, sap the vitality of the vines 
and a plant that has produced seeds becomes inactive and soon ceases 
to grow, but just as long as it is prevented from producing seed, it will 
endeavor to do so. The result is that small cucumbers in abundance 
will continue to form until the vines are killed by frost. 

There are so many factors which influence the yield that it is unwise 
to try to tell any prospective grower what he will get in bushels per 
acre. This much is certain, however, one acre of vines that is kept well 
picked will produce more bushels and, therefore, a much greater net 
profit than will two acres of as equally good vines which are only in- 
differently picked. ‘two hundred bushels of marketable cucumbers is 
the average yield of one Michigan grower over a period of nearly twenty 
years. This was on a large acreage, so any fairly intelligent grower 
who does not plant too extensively should be able to secure such yields. 

What are some of the advantages in raising cucumbers? If they are 
grown under contract, they are a cash crop and the grower does not 
have to worry about the state of the market; each picking is turned 
into cash as soon as delivered. Picking comes after grain harvest and 
before corn harvest or in what is generally a slack time on most farms. 
Unlike sugar beets, there is very little money invested in the crop 
before returns are made. Picking is the chief item of expense and until 
picking begins, there is very little expense attached to the crop. Un- 
like potatoes, cucumbers are sold at a guaranteed price and a large crop 
does not depress the market. No extra machinery is needed to handle 
the crop. The implements usually found upon the average farm are all 
that is required to take care of the crop from start to finish. The cost 
of seed is insignificant. 

There are three of four insects which feed on the cucumber vine or its 
fruit. The striped cucumber beetle (Diabrotica vittata) attacks musk- 
melons and early planted cucumbers but does not work extensively in 
the main or late crop plantings. Most growers plant four or five times 
as many seeds as they desire plants which allows the beetles to take 
some without ruining the stand. If the beetles work too badly, the 
vines may be dusted, preferably while the dew is on, with nine parts air 
slacked, or still better, hydrated lime and one part arsenate of lead 
powder. Paris green should not be used as it may burn the vines. 
Coating the plants with a spray of six pounds arsenate of lead paste to 
fifty gallons of water makes them distasteful to the insects. 

There is a plant louse which attacks cucumber vines. It is a sucking 
insect, so cannot be destroyed by applying a stomach poison, but must 
be killed by a contact spray if killed at all. If the first few hills 
affected are buried, vines and all, it will do much to control the pest. 
Keeping the vines thrifty is also a decided help since the louse always 
prefers to feed on sickly and stunted hills. Eight pounds of whale oil 
soap to fifty gallons of water makes a good spray but usually the ene- 
mies of the louse will hold it in check. 

The Downy Mildew of the cucumber is a fungous disease (Plasmopara 
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cubensis) which is most prevalent during a season of excessive rain- 
fall like the one of 1912. It is first noticed as small brown spots on 
the oldest leaves. These spots increase in size until nearly the entire 
leaf is affected, becoming dry and dead. The injury results from the 
plants losing more or less of their foliage. Spraying with a dilute 
solution of Bordeaux mixture made of two pounds of copper sulphate 
and four pounds of lime to fifty gallons of water, will control the disease 
to some extent, but the treatment must be thorough and is preventative 
rather than curative. Commence spraying when the vines have run- 
ners a foot long and spray once a week until it is impossible to drive 
through the rows. In an average season, the loss from the mildew 
has not been serious even when spraying is not practiced. 

One man can pick the cucumbers from one acre of vines by picking 
one-half acre daily. School children will be able to pick half as large 
an acreage aS a grown person. Many growers allot their children a 
small plot of ground for cucumber raising, the profits from which are 
their own. 

To make a success of growing pickles, observe the following condi- 
tions: Fit the ground thoroughly, use enough well rotted manure to 
produce thrifty, strong growing vines; plant intensively rather than 
extensively; and aim by clean picking to prevent the forming of large 
cucumbers. 

WALTER POSTIFF. 


Mr. Postiff, the author of this circular, graduated from the Michigan 
Agricultural College in 1909. For a number of years before and since 
that time, he has had experience in producing cucumbers commercially. 


H. J. EUSTACE, 
Horticulturist. 
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STARTING A LAWN. 


Circular No. 20. 


There is nothing in the decoration of the home grounds that is so 
pleasing and beautifying as a good lawn. 


CONSTRUCTION. 


Soil.—The soil for a lawn should be of good texture containing plenty 
of plant food and enough humus to retain moisture. A strong clay 
loam or a sandy loam with a clay subsoil most nearly approaches these 
conditions. When a lawn is to be constructed upon light sandy soil, a 
top dressing of about two inches of clay with a heavy application of 
well rotted manure should be mixed with the first three to four inches 
of sand. Frequently, in building a house, the soil excavated from the 
cellar is spread about covering the good top soil with a poor sub-soil. 
This sub-soil is of poor texture, contains little available plant food 
and is an extremely poor soil for lawns. Where it is necessary to use 
this sub-soil for filling, the top soil should be first removed to be later 
used as a surface dressing. 

Grading.—In the evading of a lawn, first endeavor to obtain good sur- 
face drainage, see that ihere is a slight slope away from the buildings; 
that there are no low pockets where water may stand during the winter 
and spring, and that the area as a whole, is either naturally or ar- 
tificially well drained. 

Except in some very special cases, a level lawn should not be con- 
structed. It lacks naturalness and decreases the apparent extent of the 
lawn. In grading, endeavor to preserve the slight natural slopes and 
curves of the land, remembering that nature never produces perfectly 
level surfaces. This part of the grading should be carefully studied and 
considered before starting the work. The way in which it is done will 
determine whether a graceful, pleasing, natural lawn is secured or a stiff, 
restrained, unsatisfactory one is the result. 

After the general slopes have been established, the land may be har- 
rowed if necessary and any small uneven places leveled off. 

If the land has been allowed to remain over winter in the rough 
condition, the soil will have become well settled by spring and will be 
ready for the final work before seeding. Pick off all the stones which 
have come to the surface during the winter and then go over the land 
with a shallow harrowing or raking. If it can then be Tolled, the small 
uneven spots will become very apparent and they can then be leveled 
off with a hand rake. By re- rolling and re- raking the land in this way, 
the surface can be made as smooth and even as desired. 

Fertilizers—Well decomposed stable manure is the best general pur- 
pose fertilizer for lawns. It contains all the chemical elements essen- 
tial for plant growth and adds humus to the soil, thus making it more 
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retentive of moisture and also improving its texture. If this can be 
used, a heavy dressing should be applied. <A ton to two thousand square 
feet would not be too heavy. 

Chemical fertilizers may be used to advantage after the grass is well 
started but should never be applied at the seeding time as it may kill 
the young roots which come in contact with it during germination. It 
must be remembered also, in using commercial fertilizers that they 
never improve the physical condition of the soil. There is no humus 
added to the soil by their use and hence the soil texture is not improved. 
It is simply an addition of the essential food elements and should 
always be regarded as such. It is easily applied, contains no weed seeds 
and may be readily obtained. 

Some of the most desirable forms of chemical fertilizers for lawns are 
fine ground bone, wood ashes, and the high grade forms of complete 
fertilizers. Ground bone is a very good form of fertilizer for lawns and 
although it contains principally phosphorie acid, it furnishes some 
nitrogen and lime. Unleached hardwood ashes is used as a source of 
potash and if applied each spring soon after growth begins, will generally 
prove very beneficial. Complete high grade fertilizers for lawns may 
be obtained from almost any fertilizer dealer and, while more expensive 
than the other forms, they are often quite efficient in maintaining the 
lawn. 

Although the amount of fertilizer advisable to apply will depend much 
upon the condition of the soil as well as upon the form and strength of 
the fertilizer to be used, a dressing of about 2.5 pounds per hundred 
square feet would be a moderate application under average conditions. 


VARIETIES OF GRASS FOR LAWNS. 


The best variety of grass for lawns, under general conditions in Mich- 
igan, is Kentucky bluegrass (Poa pratensis). While it is rather slow 
in starting, it produces a permanent lawn of fine texture and of a rich 
green color. The crown of the plants set very close to the ground thus 
permitting close clipping and the plant, after becoming established, 
spreads rapidly by underground roots. 

Although a permanent bluegrass lawn may be desired, it is often ad- 
visable to sow other varieties with the bluegrass seed. Of the rapid 
growing grasses that may be used for this purpose, the English rye 
grass (Lolium perenne var. tenue) is one of the best. It is an annual 
grass and a little coarse in leaf, but starts rapidly, produces a very 
early effect and covers the ground which might otherwise be occupied 
by weeds. Do not use oats, rye or timothy for this purpose. 

Redtop (Agrostis alba) is a quick growing grass which produces a 
good lawn effect the first season. It is of a finer texture than rye grass 
but does not grow quite as rapidly on the start. It grows better under 
adverse soil and moisture conditions than most other grasses. 

White clover (Trifolium alba) is frequently used on lawns as many 
people desire the appearance of the white clover blossoms in the summer. 
Others object to its tendeney of giving the lawn a spotted effect. 

On a very sandy soil the Rhode Island Bent grass (Agrostis conina) 
does well, while in very shady places the Woodland Meadow grass (Poa 
nemoralis) may be used. Where the lawn is on high, dry situations or 
slopes the Sheeps fescue (Festuca ovina) will be found desirable, while 
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on low wet places the Various-leaved fescue (Festuca heterophylla) will 
thrive. 

For the average lawn, a good mixture is one-fourth Fancy Red Top, 
one-fourth English Rye grass and one-half Kentucky blue grass. If the 
area to be sown is small and the conditions of soil or exposure somewhat 
variable, it is advisable to buy a high grade prepared lawn mixture from 
a reliable seedsman. This mixture will generally contain seed adapted 
to various conditions and will prove more convenient and frequently 
better than the homemade mixture on such a small seale. 

Frequently grass seed contains a great many weed seeds, often of a 
kind that may prove a serious nuisance and expense to get out of the 
lawn if they once become established. It is best to buy “only the best 
seeds from the most reliable seedsmen. If a large quantity is to be 
procured, it would be advisable to send a sample to the Division of 
Jotany of the State Experiment Station where it will be examined for 
purity free of charge. 

Sowing the Seed.—-In starting a lawn use plenty of seed, one pound to 
about 1000 square feet or fifty “pounds to the acre (42560 sq. ft.) being 
none too much. Thick seeding chokes out weeds and assists in pro- 
ducing a quick effect. 

Select a day when there is no wind to sow the seed. Early in the 
morning or about sun down is a very good time, and if just before a 
rain, so much the better. 

By sowing the seed in the following way, an even stand is quite as- 
sured: taking one-half of the amount of the seed to be sown and _ be- 
ginning at one end of the lawn, sow in parallel strips until the entire 
lawn is covered; then take the remaining one-half of the seed and sow 
in strips in the other direction. If this is properly done, there should 
be no streaks or vacant spots in the future lawn. 

After sowing the seed, unless directly followed by rain, the soil 
should be rolled. Raking or harrowing after sowing is apt to bury the 
seed unevenly. 

Maintenance—After the’ grass has grown to a height of from four to 
six inches, it should be given the first. clipping, being careful not to cut 
very close. A scythe is better for this cutting than a lawn mower as 
it will not pull out the young plants or cut as close as the mower. 
The future cuttings should be performed frequently enough to permit 
the clippings to remain on the lawn without being unsightly. These 
clippings, if allowed to remain, will form a dense mulch around the 
base of the plants and protect the soil from drying out during the sum- 
mer months. Cut frequently then but not too close. 

Additional seed should be applied to all lawms at least every spring 
and often another sowing would prove beneficial the latter part of June 
or in September. 

The most effective method of controlling weeds in lawns is by se- 
curing good drainage to the soil, keeping the lawn well supplied with 
plant food and the soil well filled with pure seed. Make the conditions 
for plant growth most favorable and there will be little chance for 
weeds to gain a foothold and develop. 

GP. HALLIGAN, 
Assistant Horticulturist. 
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NEUTRAL AMMONIUM CITRATE SOLUTION 
Technical Bulletin No. 12. 


A. J. PATTEN AND C. S. ROBINSON. 


Since the proposal of the ammonium citrate method for the determina- 
tion of available phosphoric acid, much trouble has been experienced 
in preparing a strictly neutral solution of the reagent. The weakness 
of both the acid and the base renders the end point quite indistinct with 
ordinary indicators, and much time and patience are required on the 
part of the operator to obtain the desired results. Several modifications 
of the simple titration method have been proposed, but each has objee- 
tions which prohibit its common acceptation by practical chemists. The 
importance which the method has assumed in agricultural work de- 
mands, however, that some convenient means be devised for preparing 
the necessary solution. Such a method has recently been proposed by 
Hall and Bell' and was later shown by Hall’ to be quite suitable for 
laboratory use. At the time these articles appeared, the authors of this 
paper were engaged in working out the same method, and the results 
are here offered, not with the hope of claiming the credit for originating 
the method, but simply as corroborative evidence in favor of its general 
adoption. 

Of the several methods proposed as substitutes for the present official 
method, that recently suggested by Hand* using purified litmus solution 
or azolitmin seems to be the most promising. In order to test it out 
and compare it with the official corallin method as well as to obtain some 
data as to the accuracy of the latter an acid solution of ammonium 
citrate was made up and neutralized by these two methods by each of 
four analysts working independently. 

An acid citrate solution was chosen of which 50 ¢.c. required 7.50 c¢.c. 
of the dilute ammonia solution for neutralization as determined by the 
conductivity method to be described later. The dilute ammonium 
hydroxide solution (about 3 per cent) was kept in a burette enclosed 
in opaque paper to prevent the reading being taken until the supposed 
neutral point had been reached. In this way each operation was made 
independently of the others. Great care was taken that no loss of 
ammonium hydroxide should occur during the process. The results are 
given in Tables I and II. 


\Jour. of Am. Chem. Soc. 33, 711 (1911). 
2Jour. of Ind. and Eng. Chem. 3, 559 (1911). 
3U.S. Dept. of Agric. Bur. of Chem. Bul.~ 132, P. 11. 
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TABLE I. 


With corallin as the indicator. 


| 
Cubic |  Cubie 

centimeters | centimeters 

Number. dil. NH, OH Number. dil. NH, OH 

per 50 ¢. ¢. per 50 c¢. c. 

sol. sol. 
Le TER icuct aoe Gree PRO ARG er enens 12.30 1ST EE ee NCREAE ec. gh too AS TION ION EE OREN RCAA 16.00 
PMR Sac, org El coete tees tats a ot soa Siew ie's DMO PEST Aer rectety crate afer ousletece, bieteraueisccosce' 15.00 
SPIT Tiewen re ete tey cl cneec aueteh s. ope tdanewweseheterc UG 204 NT Tae orcs Wa ays eretetaetelteiar cvevete «ok ve 6.4 
12 1) Boo GPRS OTE ED ae eee DZ OE | SMURL Vis chet tate o. oate ererere alot cae erecele fe 16.606 
ERI ne mere Ne rsiera sp sistcteccterinay eee aheconeins UZ OOM Melee cwste suerepatersis cuedopeNereneiaase cle iens none 20 
Le UES cee A OP OreeC o. Galh > SIERO RISES Caen DOOM Pe Se Pye gescis arw a lelescie devas rob erers « 13.60 
EES icre te my srarts bus iaucrim veka cyrn, «Soba Vevsvarsyexe=e) LS OT ALT caay store .c eiette cgorsuo ots aveneicnctetey saxevs 19.60 
Rm LAWanreterchewctns eitia so tuste saatetelane ia rel & SI GO | well Wise yeuace (ss eyelers avs wtereael utero sas 15.90 
TABLE II. 
With purified litmus as the indicator. 
| 
Cubic } Cubic 

centimeters | centimeters 

Number. dil. NH, OH Number. dil. NH, OH 

per 50 ¢ ec. | per 50 c. ¢. 

sal. sol. 

[ERR Pac reich as ac sa uatseee tke te newey oMede ops LF OO a Mile xc ra sotend ole, Miedecetels cr atcRole oF spe 14.00 
127 1s eR penSbatemee a Sacicac aoe a eee SE Grille MeDier. ane seer we, okoreme erence nrel ae eters > | 15.00 
12 LON TGS cictaee arora CREME ne oie Sen eres LG AOO Me MIMRUTIE  dyopsea ey ch « avaucstoveteRacics (oiyess oy) si 12.50 
18trL! cies Soca nsamecticbe toss Orc onONla aoe o eo ae MSR OO Melee wets cie try ache clttre casiere steko cn enetes sex 15.82 
10%; 11105 6G ON ROMER aarCe een Ick cena Newer IU falas 0 el) lege setae oe Steen PAG) oy ORONO DINO 15.82 
Cops once Wace law Ae ES ers Ste. yintlok e ae LA OON eR ey y Mokke aa oveteetoye cn hehe cua cielo ears 15.00 


An inspection of these results reveals the fact that the official method 
gives extremely inconsistent results, even in the hands of one person. 
In only one case was an exactly neutral solution secured. The variation 
in the results obtained by one analyst using this method amounted to 
seventy-four cubic centimeters of the dilute ammonium hydroxide solu- 
tion per liter of the acid citrate solution. While this is the maximum 
variation in the four sets of determinations given, it must, nevertheless 
be accepted as a possibility in actual practice. Such a condition is surely 
anything but desirable and demands immediate attention. The other 
method showed to much better advantage. Not only were the results 
more consistent, but one-third of the trials actually gave neutral 
solutions. 

These examples fairly illustrate the difficulty in making an exactly 
neutral reagent by the methods most commonly in use and it is quite 
possible that in many cases the character of the “neutral” ammonium 
citrate solution varies more than in the cases cited and that considerable 
error may be introduced into determinations in this way. It is evident 
that not only is there a wide variation in the solutions made by different 
individuals, but that even the same person can rarely duplicate his own 
results. 

It has long been realized that it was impossible to get consistent results 
in neutralizing ammonium citrate solution by the “offic ial method, but 
it has been assumed that the differences in the acidity of the solution 
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were too small to cause any appreciable error in determinations made 
with them. 

In order to test the correctness of this assumption several actual deter- 
minations were made. The solutions used were R II, C.,1 M IV, and 
I III. They were carefully diluted to a specific gravity of 1.09 and the 
determinations were all made at one time so that there could be no 
variation due to temperature of the bath. Determinations were made on 
two samples of fertilizer, one containing a small percentage of insoluble 
P,O, and the other a large percentage. The results are given in Table 
ho 


TABLE III. 
Cubic 
centimeters | Samplel | | Sample2 | 
Number. | dil. NH, OH) Insol. P 20, Average. Insol. P 205 Average. 
| per 50°c.c. | per cent. |} percent. | 
sol.j 
PAS 51 lot Wepthioe ie ence Ry See 8.86 ih. Scene cere 
pr = | 22S Nite csterecee et 8.84 
TR et eens sass stolons oP oisva ss 6.00 | PASs acts o areritarall 8.82 BPA te 
| | 
a3) OM (ee try ee gi 9.582 ca eee ee ete 
3.80 | B° CNG! eae 9.81 
een a eee 7.50 | ST s2% sein, ee | 9901 '| 4a Sea 
| 7 RA | 10210"): 2 eee 
| 4.07 Bo 1G) ace teenie 10.04 
USE Ver Sts lava ots chat ches obaters 8.30 Cla 7) DA eS nA Ses 9 OS als etecersap ratebaene 
| 7 yi batts Siegen 10. 56:1)2co0: See 
4.77-| ESD SV SV A ak 10.46 
11) 1) 0 Qe eS ee SS Sar 9.80 APOE mc ais Se ore ors | 10:36 }\.%c'. oe ee 
| 


An inspection of these results shows a marked relationship between 
the reaction of the ammonium citrate solution and the amount of phos- 
phorus pentoxide extracted. 

These variations amounting to 1.99% in one case and 1.62% in the 
other are certainly significant. The results prove that perfect neutrality 
of the citrate solution is of the utmost importance in securing consistent 
results as the above differences are of sufficient magnitude to make the 
method extremely uncertain. 


CONDUCTIVITY METHOD: 


The above mentioned method proposed by Hall and Bell was found 
to be much more satisfactory. 

It depends upon the fact that when different quantities of alkali are 
added to an acid solution (or vice versa) the electrical conductivity or 
resistance of the solution will vary with each addition, and if these 
resistances or conductivities are plotted against the amounts of alkali 
or acid added, there is a sharp change in the direction of the curve at 
the neutral point. This property has been made use of for the titration 
of various liquids where color changes were difficult to observe and has 
given very good results. } 

As many chemists have had no experience in determining electrical 
conductivity, the apparatus and method of procedure are taken up here 
in. detail. 


‘INeutralized by the conductivity method. 
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The apparatus required for studying these changes is that ordinarily 
used in determining the electrical conductivity of solutions. It consists 
essentially of the following: 

1. Electrolytic cell. 

2. An accurate resistance box. 

3. Wheatstone bridge. 

4. Induction coil. 

5. Telephone receiver. 

6. Source of electromotive force, i. e., a small storage cell or dry 
battery. 

7. Telegraph key or switch. 

8. Large tank or tub of water, preferably with constant temperature 
attachment. 

There are several kinds of electrolytic cells. They consist essentially 
of two electrodes of platinum foil to which are fastened platinum wires 
sealed into glass tubes. The glass tubes may be filled with mercury 
and the contaet made by dipping the ends of the connecting wires into 
them. The authors used the so-called “Oswald conductivity cell,” which 
gave very good results. Hall and Bell’ recommended the use of the “H. 
©. Jones cell for concentrated solutions.” 

The resistance box may be of the ordinary decade type but should have 
an accuracy of 1%. 

The wheatstone bridge in its simplest form consists of a long wire 
of resistance alloy connected to terminals at both ends and fitted with 
a sliding contact. It is mounted on a scale, usually an ordinary meter 
stick. The best instruments now have this wire coiled on a marble 
cylinder. They are of two types; one where the cylinder and wire are 
stationary while the arm holding the sliding contact moves, and the other 
where the arm is stationary and the cylinder and wire move. Hither is 
suitable for the purpose. 

Any small induction coil giving a regular high pitched vibration will 
do. One such as is used in ordinary medical batteries is quite satisfac- 
tory. 

The storage cell used by the authors was one made for use on auto- 
mobiles. Dry cells may be used in place of it. 

The fact that electrical resistance varies greatly with temperature 
makes a thermostat of some sort imperative. Hall has shown that a 
large tub of water can be used to good advantage, but of course 
wherever possible a regular thermostat with a constant temperature regu- 
lator should be used. 

Before proceeding with the actual determination, the platinum elec- 
trodes of the cell must be coated with platinum black. The manner of 
doing this is described by Findlay. The glass cell is first steamed for 
about an hour to remove soluble salts, after which a solution of 3 grams 
of platinum chloride and 0.02 to 0.03 grams lead acetate per 100 c. c. of 
water is placed in it. After cleaning the electrodes with chromic acid, 
they are placed in this solution and connected with a battery and such 
a resistance inserted in the circuit that the amount of gas evolved is not 
too rapid. The current should be passed for 20 to 30 minutes, the wires 
dipping into the tubes of mercury being interchanged every half minute. 


1Loc. Cit. : 
2Practical Physical” Chemistry, Longmans, Green’& Co., 1906. P.'150. 
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The coating which is formed should be black and velvety. It is quite 
essential that a proper coating of platinum black be obtained, for upon 
the condition of the electrodes depends the sharpness of the end point. 
Then the electrodes are washed with warm distilled water and replaced in 
the cell with dilute H, SO, substituted for the platinizing solution. The 
current should be passed for about the same length of time but need not 
be reversed so often. The electrodes are then washed several times with 
warm distilled water and tested to be sure that all soluble material has 
been removed. This is done by taking several bridge readings, as de- 
scribed below, with distilled water in the cell. These readings should re- 
main constant if the cell is clean, otherwise there will be a gradual rise 
of resistance. 

For determining the resistance of a solution the apparatus is con- 
nected as shown in the diagram (Fig. 1). 


AB=bridge wire, 

C=sliding contact, 

R—resistance box, 

X electrolytic cell, 

I introduction coil, 
—telephone receiver, 

S—switch or telegraph key. 


The cell and electrodes should first be rinsed two or three times with 
the solution to be tested. A quantity of the solution is then placed in the 
cell X, and air bubbles shaken out by moving the electrodes up and 
down and the connections made as indicated. 

Before taking the reading the solution must be allowed to come to the 
temperature of the bath. If the flasks containing the original solution 
are kept in the bath, this will take only a short time, otherwise the cell 
and contents should be left in the bath from seven to ten minutes. With 
citrate solution containing an excess of ammonium hydroxide this period 
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should not be exceeded, or variations in results will be obtained, due to 
the escape of ammonia. Finally the switch S is closed and the sliding 
contact © moved along the bridge wire till the sound in the telephone 
receiver reaches a minimum. The resistance in R should be arranged 
so that this point falls near the middle of the bridge. After taking the 
reading, the cell and the electrodes should be rinsed again two or three 
times and a duplicate reading taken. 

It is generally quite difficult to read the actual point of minimum 
sound. This is usually obtained by taking two readings, one on either 
side of the minimum point, having the same intensity. The average of 
the two readings should give the correct result. 

This bridge reading is all that is necessary for the determination of the 
neutral point in ammonium citrate solution, since it is a constant func- 
tion of the conductivity and may be used in place of it in plotting the 
curve. Its use for this purpose does away with all mathematical calcu- 
lations and makes the determination of the so-called “cell constant” un- 
necessary. It is necessary only to keep the resistance in the box R the 
same during each series of determinations and to be careful that the rela- 
tive position of the electrodes is not disturbed by bending or striking 
against the edge of the cell. 

The method of procedure as given by Hall is quite satisfactory. A 
solution of citric acid is almost neutralized, the density being kept above 
1.09. Small samples of this solution are then titrated with a dilute solu- 
tion of ammonium hydroxide, using corallin as an indicator, to deter- 
mine the approximate amount required to neutralize the remaining acid. 
Definite quantities of the citrate solution are removed with a pipette 
and transferred to clean, dry, volumetric flasks. To these portions of 
the original solution varying quantities of the dilute ammonium 
hydroxide are added in such a way that some of the flasks contain more 
and some less than the approximate amount required for exact neutral- 
ization as determined by the titration with corallin. These solutions are 
then made up to the same volume with distilled water, placed in a 
thermostat, the temperature of which is held constant, and allowed to 
come to the temperature of the bath after which their resistances are 
measured by the wheatstone bridge method. Plotting the cubic centi- 
meters of ammonium hydroxide against the bridge readings gives a 
curve from which may be read the exact amount of ammonium hydrox- 
ide to neutralize the acid in a given quantity of the citrate solution. 

The following are some of the results obtained and illustrate the sharp- 
ness with which the neutral point may be read: 
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TABLE IV. 


| Cubic | | Cubic | 
| centimeters centimeters 
Number. dil. NH,OH Bridge Number. dil. NH,"OH Bridge 
per 50 ¢c. c. readings. per 50 .c c. readings. 
sol. sol. 
Mato sue veieis bes oe tae la 0.0 | yds bear i) pee Te mee Se 21.0 | 539.00 
tig Pate ae tip 7.0 | DSS. DO 1G 5c os eerieescs «pie e/e8 28.0 538.25 
ok Oe ee, ener ee 14.0 | OOD). aO MM Grarera whe achis tana te bis ae alae 35.0 | 537.25 
Neut 14.0 75 
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TABLE VY. 
| l 
Cubic Cubic 
centimeters | centimeters : 
Number. dil. NH,OH | Bridge | Number. dil. NH, OH Bridge 
per 100c.c.| readings. per 100 c.c. readings. 
sol. sol 
iis SRST OO renee S 10.0 | ATO | Aeayeten cliche attaches aortas 225 550.25 
DRT even he ce asfe Sp tnie 15.0 OAS TOM Oeste a aete snes 25.0 550.00 
GiGe Teoh Aerie aime: 20.0 49 SO Gi cteessars.ciopoie heres 30.0 549.50 
N@Utitc sn vs visto 21.6 550.35 


Accuracy of Method. 


In order to test the accuracy with which results may be duplicated 
by different operators, a stock solution of acid ammonium citrate was 
made up and analyzed independently by four laboratory assistants, three 


of whom had never before made any conductivity measurements. 


One 


hundred cubic centimeter portions of the acid citrate solution were trans- 
ferred to 250 c.c. volumetric flasks, the designated amounts of ammonium 
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hydroxide added and the bridge readings taken. Each operator made 
four sets of determinations on the same solution, the conditions being 
altered each time so as to give different readings for each set, thus 
eliminating any error due to the operator attempting, unconsciously or 
otherwise, to duplicate his previous results. Each one was required to 
plot his own results and report independently the amounts of ammonium 
hydroxide required to neutralize the acid in the quantity of citrate solu- 
tion taken. The results are given in the following table: 


TABLE VI. 
Cubic Cubic 
centimeters centimeters 
Number. \dil. NH, OH Number. dil. NH, OH 
per 100‘c. c. per 100 c. ec. 
sol. sol. 
per 100 c. c. | per 100 c. c. 
DAL ey Ste Chest avi. os Reece EAM. 5 OS oie Perot 1 Vs 20) EN I Gc ee ore ire a a 13.50 
12H li C4 tenes Ug Sea 9 Ai ee TSAO SM ee ee ans. Pee ee oem 14.20 
MUR wertnterst Sintate htt civ ele Cotes PSeS0 6 | SM De ss ob ee Re See Oe ee oe 2 13.00 
1225 Eee earns eter ae eee tee er a A 135805) CMO LNs cacti heen tee pane | 13.90 
1257 De ce Spa ies teaemiege im & Peleg a, Ree Biche eran BSOO | eee Re ro oe cake Bie cee ee Cae a ee 13.50 
EE RG eee cack a ga ts nos Be fa otomatecele TS)50) |) RD SSee, ic aye Bee.c.cteie cats sae ae eae 13.00 
PRUE ecco acs ciate scopes se hatha ele + TS ROOM | TTL reas amet ei rare eee eine 13.60 
RAN See senate te eta re een te ieee aa LS SO TVG sect oe lo eer ee ee 13.20 


For the sake of comparison, averages of the several determinations, 
made by each method, are given in Table VI. 


TABLE VII. 


J 

Corallin Litmus | Conductivity 
Average of | Method. method. | method. 

ISPTICR Coe Core ee eT MIE ete tants 13.32 14.92 | 13.75 
PSE RATIOS). < Sk clove joia\ore efalers) s evans. ow aceye [etorditale Bieratern Gioke Stee leans 12.98 15.50 13.60 
MEARETICS «chs, hes ea on waite EG ae ee ee Mae ae: 16.00 13.84 | 13.65 
MURENICH Sw co <b icltaie cers tierce a ala tune eieke im ite scatters viaiete eieiaoncmea U5 ee 15.54 l3ee2 
PVECIALSCAOL ll SCLICS srs co: cheyoie/x oleyems stone Wiapsida cts catawie scion 14.41 14.95 13.58 
IARATINT INL VTA DION * 33-15, cce’e!crakstalapeoei ese ereserercKetes ake chops ekeke 3.02 1 ey <0) 0.43 
1 +1.59 +0.59 +0.17 

Maximum variation above (+) and below (—) average.... } | 
J | —1.43 —1.11 —0.26 


The determinations by the corallin and litmus methods were made 
on the same solution but the determinations by the conductivity method 
were made upon a solution of slightly different strength. The adyan- 
tages of the conductivity method over the other two is well illustrated 
in the above table. The results by the corallin and litmus methods are 
very variable, the greatest variation in the first case being 3.02 while 
in the second case it is 1.70. 

The results by the conductivity method are very much closer, the 
maximum variation in the averages being only 0.48. If we assume 
the average of all the series to be the true result, then the maximum 
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variation below the average is only 0.26 and the maximum variation 
above the average is 0.17. 
These differences might well be considered within experimental error. 


Ratio of Ammonia to Citrie Acid. 


Dr. McCandless, the referee on phosphoric acid for the Association of 
Official Agricultural Chemists in 1909 suggested a reagent be used 
which should have the same ratio of ammonia to citric acid as the 
pure triammonium salt. This ratio is 1:3.765. He made some coopera- 
tive tests with three other chemists, in which solutions were obtained 
having ratios from 1:3.775 to 1:4.189. Some time later the division 
of Fertilizer Chemists of the American Chemical Society recommended 
a solution in which the ratio of ammonia to citric acid was 1:4.25. A 
neutral solution was made up by the conductivity method and the 
ratio of ammonia to citric acid determined. An average of three de- 
terminations gave a ratio of 1:3.785. This would probably have ap- 
proached still closer to the theoretical ratio if the neutral solution had 
been made up immediately after making the conductivity measurements. 
During the several days that elapsed between the determinations of the 
quantity of dilute ammonium hydroxide solution required to give per- 
fect neutrality and the actual preparation of the neutral solution, the 
strength of the dilute ammonium hydroxide solution was _ probably 
changed. It seems probable that this method could be used to give 
more satisfactory results than the present official method. 


Conclusions. 


The present official method for preparing a neutral solution of am- 
monium citrate is extremely unreliable. 

The purified litmus method gives somewhat better results although 
the limit of error is too great for reliable work. 

The conductivity method, on the other hand, is reliable and not 
difficult of operation and the results obtained by different workers agree 
very closely. 
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WHAT IS THE ANTIGEN RESPONSIBLE FOR THE ANTI-BODIES 
IN DORSET-NILES SERUM? 


Technical Bulletin No. 13. 


BY WARD GILTNER. 


The Dorset-Niles serum is a protective serum against hog cholera. 
Aside from our knowledge of its protective power, what proof have 
we that this serum contains anti-bodies? Our researches have shown 
the presence of agglutinins for B. cholerae suis and protective sub- 
stances against virulent cultures of this organism. However, it is not 
considered that B. cholerae suis is the etiologic factor of prime im- 
portance in the production of hog cholera. Therefore we should look 
upon the filterable virus as the antigen possessing greatest importance 
and we should seek to ascertain the specific anti-bodies resulting from 
the interaction of the filtered virus and the pigs treated. 

In attempting to study the phenomena resulting from the interaction 
of antigen and the body cells or fluids it is advisable to divest each 
factor of all complicating elements. We have previously studied the 
Dorset-Niles serum and its agglutinative action on B. cholerae suis. 
This serum was from animals that had been treated with large doses 
of hog cholera virus blood. This virus blood is supposed to contain 
frequently both B. cholerae suis and the filterable virus, probably two 
distinct antigens. 

In the production of anti-bodies in the blood of a pig these two anti- 
gens may exert influences independently, symbiotically or antibiotically. 
We have attempted to obviate complications by using an antigen com- 
posed of B. cholerae suis only or the filterable virus only. 

We first attempted to hyperimmunize a pig by the use of normal pig 
blood and bouillon cultures of B. cholerae suis. The culture used was 
“virus 136” and has already been described.* The treatment of the pig 
employed in this experiment was as follows: 

Virus pig 139, Duroc-Jersey, wt. 125 lbs. Injected 5 ¢.c. virus Expt. 
199 (supposed to contain both B. cholerae suis and the filterable virus) 
12-709, into the muscles of the ham. The pig remained well. Failure 
to develop hog cholera is attributed to natural immunity since another 
pig from the same lot injected at the same time with a similar dose of 
the same virus developed a typical case of hog cholera in 8 days. On 
12-2209, there was injected into the axillary region, 150 c.c. of de- 
fibrinated blood from Expt. pig 287 mixed with 50 c.c. of a 20 hour 
bouillon culture of B. cholerae suis. 

No visible or palpable lesions produced. 

On 1230/09 there was injected into the opposite axillary region 465 


*See Tech. Bul. No. 3 and No. 8, Mich. Agri. Expt. Sta. 


EXPERIMENT STATION BULLETINS. 395 


c.c defibrinated blood from Expt. pig 323 B mixed with 100 c.c. of a 
16 hour bouillon culture of B. cholerae suis. 

On 1-410 there was injected 150 ¢.c. of defibrinated blood from Expt. 
pig 255 mixed with 150 e.c. of an 18 hour bouillon culture of B. cholerae 
suis. 

Pig thin but vigorous and good appetite; walks with stilted gait. 
No abscesses visible or palpable. 

On 1-12-10 drew 289 ¢.c. blood from tail, defibrinated and preserved 
in .5% phenol. 

On 1-18-10 injected 150 c.c. defibrinated blood from Expt. 193 mixed 
with 150 c.c. of a 16 hour bouillon culture of B. cholerae suis. 

On the afternoon of this day the pig died. The only lesions were 
local and consisted in an infiltration and necrosis of the muscular and 
connective tissue between the shoulder and thorax. The tissues were 
greenish in color, spongy and saturated with a foul-smelling, dirty 
liquid. The last injection did not appear to have been absorbed. 

An account should be given of the pigs furnishing the blood with 
which the cultures were mixed. 

Expt. 237, Yorkshire, wt. 29 lbs. 7-809, received 10 c.c. mixed serum 
264 and 1 ¢.c. virus Expt. 101. Remained well. 12-2109 killed; normal. 

Expt. 323 B., wt. 36 Ibs. Just received. No treatment. 12-28-09, 
killed; normal. 

Expt. 255, wt. 21 Ibs. 7-8-09, received 12.5 c.c. mixed serum 28, 12- 
3-10, killed; normal. 

Expt. 193, wt. 15 Ibs. 4-29-09, received 15 c.c. mixed serum 17 and 
! c.c. bouillon culture B. cholerae suis, “No. 2 Rabbit 25” in the ear 
vein. 5-25-09 injected qgne agar slant, 24 hours old B. cholerae suis 
“No. 2, Rabbit 25” in muscles. Produced abscess; opened and disin- 
fected. 

6-22-09 injected 1 ¢.c. virus 99 in muscles; 

7-16-09 injected 5 c.c. virus 107 in muscles; 

1-11-10 killed; normal. 

Our object was to make an artificial virus blood containing a maxi- 
mum of B. cholerae suis but none of the filterable virus. There is no 
reason to believe that any of the blood used by us contained the filterable 
virus. 

Virus pig 139 is to be regarded as a pig hyper-immunized to B. 
cholerae suis. We should expect to find in the blood serum of this pig 
anti-bodies responsive to the specific antigen, B. cholerae suis but none 
for the filterable virus (unless there is an intimate biological relation 
between the two). 

Table I gives the results of a few agglutination tests with the blood 
of this pig. An increase in the agglutinative power from 1-125 to 1-25000 
is noted. 

We know of no test capable of disclosing to us anti-bodies for the 
filterable virus except the biological test, using pigs. We accordingly 
tested the serum, drawn from virus pig 139 against hog cholera virus 
by injecting small pigs. The virus used was not filtered and may have 
contained both the filterable virus and B. cholerae suis. 

Table II shows that the serum from virus pig 139 possessed consider- 
able potency against hog cholera virus. Small pigs were not protected 
against 1 c.c. of virus by 10 ¢.c. or 15 ¢.c. of this serum but protection 
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was offered by 20 ¢.c. and 25 c.c. That the virus used was virulent is 
shown by the death of Expt. pigs 365 and 366 and by the development 
of hog cholera in virus pig 149. 

Should we conclude that anti-bodies against the filterable virus are 
produced as a result of using Lb. cholerae suis for the antigen? The Ex- 
periment points strongly to the possibility of using cultures of B. 
cholerae suis in normal pig blood for hyper-immunizing serum hogs. 

Possibly the results of this experiment depended partly upon the 
blood used in connection with the cultures. 

We, accordingly, attempted to hyperimmunize an immune pig with 
cultures of B. cholerae suis only. For this experiment, we used the same 
strain employed in the preceding experiment and Expt. pig 315. 

Expt. pig 315, Chester white, weight 37 lbs. 

On 11-80-09 injected 25 ¢.c. mixed serum 41 and 1 e.c. virus 128. 
Pig remained well. 

On 2-1-10 injected 10 ¢.c. virus 149. Pig remained well for over three 
weeks, showing immunity to hog cholera virus. 

On 2-24-10 injected 10 c.c. of a 24 hour bouillon culture of B. cholerae 
suis into axillary region. Estimates from agar plates indicated about 
500 million bacteria per c.c. 

No local lesion could be detected on 3-3"10 when 45 c.c. of a 24 hour 
bouillon culture of B. cholerae suis was injected into the axillary 
region. 

On 3-11-10 injected into axillary region 45 c.c of a 24 hour bouillon 
culture of B. cholerae suis. Platings on agar indicated the presence of 
from one-half to one billion bacteria per c.c. No visible or palpable 
lesions locally. 

“On 3-19-10 injected 40 c.c. of a 24 hour bouillon culture of B. cholerae 
suis into the axillary region. Platings indicated the presence of about 
one billion bacteria per c.c. No very distinct swelling locally but con- 
siderable soreness. Bled 180 c.c. from tail, defibrinated and preserved 
in 5% carbolic acid, 10 c.c. to 90 c.c. of blood. 

On 4-210 bled from tail 289 c.c., defibrinated and preserved in car- 
bolic acid. 

On 4-27-10 bled from tail 400 c.c., defibrinated and preserved in car- 
bolic acid. Mixed bleedings of 3-19-10, 4-210, and 4-27-10. Labeled, 
“Mixed Serum Expt. 315.” 

On 5-20-10 drew sample from tail for agglutination test. 

On 6-810 drew sample from tail for agglutination test. Pig weighed 
143 Ibs. on 6-24-10. 

Killed, 7-110. In good condition. 

Autopsy: In each axillary region were extensive abscesses, well de- 
fined and encapsulated with no indication of infiltration into the sur- 
rounding tissues. Contents of abscesses, a dirty yellowish-brown, thick 
liquid with foul odor. Inoculations gave B. cholerae suis in pure cul- 
ture. Other organs, normal. Pieces of spleen, kidney, liver and heart 
produced no growth in bouillon. 

Table III shows the results of agglutination tests with samples of 
serum from Expt. pig 515 drawn at various times. There is manifestly 
a great stimulus to the production of agglutinins. The mixed serum 
used in the biological test (vide Table IV) give a reaction at 1-500,000. 
We have previously found that all samples of Dorset-Niles serum 
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that react at a dilution of 1-50,000 are potent. Here we have a serum 
produced in a peculiar manner with a high agglutinative power, but 
with little or no potency. 

Table IV give the results of the test for potency of the serum from 
Expt. pig 515 on small pigs. The serum was tested against a very 
virulent unfiltered hog cholera virus. We found no indication of any 
protective power in this serum. Perhaps larger doses might have revealed 
the presence of protective substances. 

We next attempted to eliminate B. cholerae suis from the process of 
hyperimmunization. Our object was to hyperimmunize a pig with virus 
blood free from any cultivable organisms. It proved to be a herculean 
task on account of the slow filtration and frequent presence of cloudi- 
ness in our filtrates and especially on account of our mistake in select- 
ing a large pig for the experiment. We planned to dilute with equal 
parts of sterile .85 per cent NaCl solution the clear serum from de- 
fibrinated hog cholera virus blood and filter through both Berkefeld and 
Chamberland filters. We were then to inject 20 ¢.c. of this filtrate for 
each pound of live weight of the pig. It was soon discovered that our 
facilities for filtering the virus blood could not keep pace with the in- 
crease in weight of the pig. 

IXxpt. pig 387, Yorkshire, weight 16 Ibs. 

Feb. 7, 1910, injected 20 c.c. mixed serum 53 and 1 c¢.c. virus 125. 

June 24, weighed 81 Ibs. 

August 27, injected 250 c.c. virus Expt. 434 and 250 c.c. virus 205. 
3oth lots were clear blood serum diluted with equal parts of sterile .85 
per cent NaCl solution and filtered through Berkefeld, then through 
Chamberland filters. 

Two Berkefeld filters were used for virus Expt. 434 and one new 
Chamberland candle at air pressure of about 3 Kg. per square centi- 
meter. Incubated 38 days, no growth. Virus 205 put through 3 Berke- 
feld filters and one Chamberland at 2 to 3 Kg. pressure. Incubated 4 
days, no growth. 

Sept. 1, injected 75 c.c. virus 208, 125 c.c. virus 209, and 50 ¢.c. virus 
211 diluted and filtered as above. Virus 208 put through one Berke- 
feld and two Chamberland filters at 3 to 4 Kg. pressure. Incubated 2 
days, no growth. Virus 209 put through 3 Berkefeld filters and one Cham- 
berland very slowly. Incubated 5 days, no growth. 

Sept. 7, injected 25 cc. virus 208 and 225 cc. virus 210. Diluted 
and filtered as above. Virus 210 put through one Berkefeld and one 
Chamberland filter at 3 to 4 Kg. pressure. Incubated 7 days, no growth. 

Sept. 14, injected 75 c.c. virus 211 and 125 c.c. virus 207. Prepared 
as above. Virus 211 filtered through 2 Berkefeld and one Chamber- 
land filter very slowly. Virus 207 put through one Berkefeld and one 
Chamberland filter. Incubated 6 days, no growth. 

Sept. 20, injected 100 ¢.c. virus 207, a portion of above Berkefeld fil- 
trate passed through one Chamberland filter 9-18’10. Incubated 7 days, 
no growth. The pig weighed 188 Ibs. on this date. 

Sept. 28, injected 400 c¢.c. virus 228. Prepared as above. Filtered 
through one Berkefeld and one Chamberland. Incubated 6 days, no 
growth. 

Oct. 5, injected 500 c.c. of a mixture of virus Expt. 455 to 459. Pre- 
pared as above. Filtered through 38 Berkefeld filters and 5 Chamber- 


EXPERIMENT STATION BULLETINS. 401 


land candles. One portion clouded, others clear after 2 days incuba- 
tion. 

Oct. 15, injected 70 c.c. virus Expt. 453 to 459. This was one of the 
portions described above. 

Oct. 26, injected 50 c.c. virus 224 and 200 c.c. virus 227. Prepared 
as above; virus 224 filtered through one Chamberland filter only. Virus 
227 filtered through four Chamberland filters. Both samples incubated 
and remained clear. 

Nov. 2, bled from tail enough to make 663 c.c. after defibrinating and 
adding .5 per cent trikresol. Injected 75 c.c. virus 224 and 225 c.c. 
virus 229. Prepared as above. Virus 224 was a portion of that de- 
scribed above. Virus 229 filtered through one Berkefeld and 3 Chamber- 
land filters. Used only first filtrate. 

Nov. 9, killed. Dressed 122 lbs. Secured 1939 c.c. defibrinated blood 
preserved in .5 per cent trikresol. All the injections had been made 
in the axillary region. There was never any swelling or soreness. At 
autopsy, only a yellowish-brown discoloration of the tissues at point 
of inoculation was discovered. 

The records show that a total of 2820 c.c. of diluted virus was used 
to hyperimmunize Expt. 387. The pig weighed about 160 Ibs. when 
killed. There was, therefore, used only about 17.5 cc. of diluted virus 
instead of 20 c.c. per pound live weight. 

Samples of both bleedings were tested for agglutinative power against 
B. cholerae suis. Table V shows results of agglutination tests, with the 
tail bleeding and last bleeding of Expt. pig 387. 


TABLE V. 


Agglutination tests with serum from experiment 387 and B, cholerae suis, 


| 
Tail bleeding. | Last bleeding. 


Dilution. — 


Agglutination. _Sediment. Agglutination. Sediment. 


++ ++ + 4+ 
+++ 4+ + + 


The agglutinative power of this serum is as great as that of nearly 
two-thirds of the samples of Dorset-Niles serum prepared in the usual 
way. Unfortunately, we failed to test the agglutinative power of the 
blood of this pig before making the filtered virus injections. We have 
previously found that pigs treated by the serum-simultaneous method 
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as Expt. 387 was treated do not furnish a serum agglutinating at a 
dilution higher than 1-500. We think we are justified in concluding that 
the agglutinative power of the blood of Expt. 387 increased from 1-500 
to 1-8000 during the injections of filtered virus which contained no 
organisms capable of producing cloudiness in the diluted filtrate. 

Another evidence of the absence of BL. cholerae suis in the filtrate 
lies in the fact that no abscesses were produced as a result of injecting 
extra large volumes of diluted virus. It is a common experience to find 
that the injections of unfiltered virus blood produce the so-called B. 
cholerae suis abscesses or caverns filled with a thick, dirty fluid usually 
walled off by connective tissue. We must admit our ignorance of the 
cause of the increase in agglutinative power of the serum from Expt. 
387. 

The potency of the serum from Expt. 387 was tested on small pigs 
against both the filtered and unfiltered hog cholera virus. The two 
bleedings were mixed and termed “Mixed Serum Expt. 3887.” Table 
VI shows the tests made with mixed serum Expt. 387 against virus 
Expt. 536. Table VII shows the tests made against virus Expt. 536 
diluted with equal parts of .85% NaCl solution and filtered through 
a Chamberland filter. 

It is seen from a study of these two tables that the serum, drawn from 
a pig hyperimmunized with filtered virus only, protects against either 
the filtered or unfiltered virus. However, the protective power against 
the filtered virus is much greater than against the unfiltered virus. Only 
the pig receiving 5 c.c. of serum dies of cholera when treated with the 
unfiltered virus, whereas the pig receiving 20 c.c. of serum together with 
the unfiltered virus dies of cholera. These experiments tend to show 
that in filtering hog cholera virus through a Chamberland filter, some- 
thing is removed that has considerable to do with producing hog 
cholera. Perhaps the filter has an effect of only weakening the virus 
by permitting the serum to pass but retaining a proportionately large 
number of the ultra-microscopic organisms, rather than by keeping 
back a virulent pathogens of an entirely different species such as B. 
cholerae suis. While it is hardly worth while to speculate, it may be of 
interest to note that the suggestion has been made that the filterable 
virus, incapable itself of growing in vitro, is only a peculiar form of 
a microscopic organism which is capable of growing in vitro. In this 
case, of course, filtration would weaken the virus by removing a portion 
of its active principle. 

The experiments recorded in Tables VIII and IX furnish additional 
evidence for the belief that it is easier to protect against the filtered 
virus than against the unfiltered hog cholera blood. Table VIII shows 
that 10 ¢.c. and 15 c.c. of Mixed Serum 35 furnish complete and endur- 
ing protection to small pigs against hog cholera when injected simul- 
taneously with 2 c.c. of the filtrate of virus 1386 diluted with equal parts 
of .85 per cent NaCl solution and passed through a Chamberland filter. 
The filtrate furnished no growth when incubated. Table IX shows that 
neither 10 ¢.c. nor 15 ¢.c. of Mixed Serum 35 protects against 2 c.c. of 
virus 136 diluted with equal parts of .85 per cent NaCl solution and 
not filtered. Virulent cultures of B. cholerae suis were found in pure 
culture in the blood and organs of virus pig 136. 
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We believe that the title of this paper will permit us to include a 
few experiments which aimed to determine the effect of the Dorset- 
Niles serum on hog cholera virus in vitro. We have absolutely no defi- 
nite knowledge as to the action in vivo of the Dorset-Niles serum. 
Whether it is antimicrobial, antitoxic, or a promoter of phagocytosis 
by stimulating the production of opsonins we do not know. It is not 
easy to determine any of these points. If the serum is antimicrobial, 
it appears to us that its action on the living cause of hog cholera should 
take place in a mixture of the two in vitro. If its action is antitoxic, 
it should at least neutralize any antitoxin produced in vitro. The 
determination of phagocytosis of an ultravisible organism will require 
a technic specially devised for the purpose, and probably dissimilar to 
any with which we are now familiar. 

We have worked upon the hypothesis that if a given amount of serum 
is required to protect a pig against a given amount of virus when they 
are injected into the pig simultaneously then a less amount of serum 
will be required to protect against the same amount of virus if the two 
are mixed in vitro and allowed to remain several hours before injecting 
into the system of the pig. If a less amount is required then there is 
evidence of antimicrobial or antitoxie action, probably the former, but 
if an equal amount of serum is required, then there is no evidence of 
such action. 

Table X shows that 10 ¢.c. of Mixed Serum 65 protects against 1 c.c. 
of virus Expt. 442, but that 5 c.c. does not, either when used in the 
simultaneous method or after mixing with virus and incubating three 
hours. As a matter of fact, death occurs eighteen days sooner when the 
mixture is used than when the serum and virus are used separately. 

Table XI is not very instructive in this connection, since the dispar- 
ity is great between the amount of serum that is necessary to protect 
in the simultaneous method and the maximum amount that was used 
in the in vitro tests. It is seen that 15 ¢.c. is necessary to protect by the 
ordinary method, while we used only 5 c.c. in the mixture after incubat- 
ing two and one-half hours. We have not proved that there is no in vitro 
action, since our work is too limited in character, but our results indi- 
cate that it is doubtful whether this line of experimentation will be 
fruitful of results. 


SUMMARY. 


1. Three pigs were hyperimmunized by injections of (a) B. cholerae 
suis mixed with pig blood free of the filterable virus, (b) pure cultures 
of B. cholerae suis, and (c) the filtered virus free of B. cholerae suis 
respectively. 

2. The serum from the pig hyperimmunized with B. cholerae suis 
mixed with blood protected a 20 Ib. pig in 20 ¢.c. dose and a 25 Ib. pig 
in 25 ¢c.c. dose. This serum also agglutinated B. cholerae suis at a 
dilution of 1-12,500. 

3. The serum from the pig hyperimmunized with pure cultures of 
B. cholerae suis furnished no protection to a 15 Ib. pig in doses of 20 
c.c. This serum agglutinated B. cholerae suis when diluted 1-500,000. 

4, The pig hyperimmunized with the filtered virus free of B. cholerae 
suis furnished a serum capable of protecting a 17 Ib. pig in 10 c.c. dose 
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against the filtered virus and an 18 lb. pig in 15 c.c. dose against the un- 
filtered virus. This serum also agglutinated B. cholerae suis when di- 
luted 1-8,000. 

5. It was found that the Dorset-Niles serum is more potent against 
the filtered virus than against the unfiltered virus. 

6. The mixing of the Dorset-Niles serum and hog cholera virus in 
vitro and incubating 21% to 3 hours does not seem to lessen the virulence 
of the virus. There is no indication that mixing the serum and virus 
in vitro has any advantage over the serum-simultaneous method of in- 
jecting these agents for immunizing pigs against hog cholera. 
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INFECTIOUS ABORTION AND STERILITY IN CATTLE. 


Technical Bulletin No. 14. 


BY WARD GILTNER. 


The economic importance of these affections, if they be distinct affec- 
tions, or of these manifestations resulting from whatever etiologic 
factor, is becoming more apparent each year. The effect on the breeder 
of valuable registered cattle resulting from abortion and subsequent 
failure to breed in his stock is significant in that there is a possibility 
of the withdrawal from the ranks of breeders of some men whose ser- 
vices are invaluable to the great work of live stock improvement. The 
condition is the more serious because of the fact that scientific research 
has been so little directed toward overcoming these troubles. 

We have arrived at the point where many bacteriologists are confi- 
dent that the cause of infectious abortion is Bact. abortus (Bang). 
The cause of granular vaginitis and sterility is not determined bacter- 
iologically although Ostertag at one time was of the opinion that he 
had a streptococcus as the etiologic factor for the former trouble. Many 
cases of sterility, either temporary (though often protracted) failure to 
breed, or permanent sterility are easily attributable to the effects of 
secondary infection by ubiquitous pus-producing organisms that invade 
the uterus after an abortion produced by the Bang bacterium. Other 
cases have no apparent relation to an abortion, although in these cases 
it is not proven that the Bang organism is absent. 

Williams (vide Veterinary Obstetrics) is of the opinion that these 
cases of granular vaginitis and sterility are best treated by daily vaginal 
douches with weak (.75 per cent) lysol or bacterol solutions persisted 
in for six months if necessary. In addition he advocates the manipula- 
tions of the ovaries per rectum in cases showing cystic condition or per- 
sistent corpus Juteum. The presence of the corpus luteum during the 
first stages of pregnancy, at least, appears to be essential to proper de- 
velopment of the foetus, but its persistence, especially when it becomes 
cystic, after parturition seems to prevent conception. 

Two years ago, we began the use of liquid cultures of lactic organ- 
isms (ordinary lactic at first, later Bact. bulgaricum) in these cases as a 
substitute for chemical or coal tar disinfectants. We have used for 
these cultures ordinary lactose bouillon, sterile whey, and the acid whey 
from milk curdled by the lactic organism in pure culture. The last 
mentioned method is the simplest and is now being used in a number 
of dairies reporting considerable trouble. In one case, recorded in the 
1911 report of the department, at Howell about 50 per cent of the cases 
thus treated conceived after only a few treatments. It is too early 
to pass judgment on the efficacy of this treatment in this connection, 
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but we are confident that it is a valuable measure worthy of trial pend. 
ing a fuller understanding of the nature of the conditions involved. 
Our experience with this treatment warrants us in recommending it as 
superior to other methods of treatment in all cases of retained placenta 
and following all abortions. Work for two years on the bacterial flora 
of the vagina by Mr. Knopf and Mr. Himmelberger does not indicate 
that the lactic organism establishes itself in the vaginal mucosa and 
that an undue acidity of the mucous membrane is not produced. We 
hope to continue this investigation of the bacterial flora under various 
conditions. We are making a report on our work with the abortion 
organism although it is incomplete and inconclusive in many respects. 
We have used three cultures that have the characteristics of the Bang 
organism, viz. (1) “Goda” isolated by us May Ist, 1911 from cotyledon 
of placenta from Guernsey cow. Both foetus and placenta were removed 
and cultures made immediately on serum-agar-gelatine. Three out of 
five tubes gave typical pure cultures; (2) “MacNeal” sent by Dr. MacNeal 
from Illinois, and (3) “Good” from Prof. Good of Kentucky. 

In general, it may be said that growth with these organisms, especi- 
ally with “Goda,” is not vigorous until after many transfers in vitro. 
We wished to obtain the most suitable medium for mass cultures. 
During this attempt, we made use of the pregnant uterine wall, the 
foetal membranes, the foetus and the amniotic fluid separately. In 
case of the three substances first mentioned, liquid and solid media were 
made as is usual with fresh chopped meat. The reaction was not cor- 
rected in any case and was found to be rather acid in case of uterine 
wall. None of the media made in this manner was more successful than 
the usual serum-agar-gelatin, that from the uterine wall was useless 
possibly on account of acidity. The amniotic fluid was used as a sub- 
stitute for bouillon after filtering and sterilizing by discontinuous 
method without correcting reaction or addition of any nutrients. Addi- 
tion of 1.5 per cent agar made a very satisfactory solid medium. The 
amniotic fluid media gave better results than any media yet tried. The 
reaction was neutral or slightly alkaline. 

The following experiments with virgin heifers were conducted as pre- 
liminary efforts toward the production of immunity by the use of liv- 
ing cultures of Bact. abortus injected subcutaneously. We adopted this 
method assuming both that the subcutaneous injection would result in 
stimulating the production of suitable antibodies antagonistic to future 
invading organisms of the same species and also that the organisms 
would disappear from the system without contaminating the environ- 
ment. 

May 1, 1911, inoculated with “MacNeal” culture flasks containing 
30 ¢.c. of 5 per cent glycerine bouillon + 10 cc. of naturally sterile 
horse serum. Flasks sealed with paraffin, clouded in about four days 
and increased in cloudiness after which sediment formed. Usually, after 
a month the plug is drawn into the neck of the flask, sometimes entirely 
within. 

Two virgin Jersey heifers were received June 3, 1911. One is referred 
to as Light, the other Dark. Their previous history not known 

June 8, drew blood from jugular of each. Mucosa of vulva of Dark 
was smooth and pink, that of Light was congested and very rough with 
papules. 
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Blood samples drawn on this date gave following agglutinative re- 
sults. A six-day-old culture of Bact. abortus in glycerine bouillon was 
used. [Examination made after 48 hours. 


Light. 1-10—complete. 
1-20—sediment considerable, slightly cloudy. 
1-50—sediment slight, cloudy. 
Check—no change. 


Dark. 1-10—complete. 
1-20—complete. 
1-50—sediment considerable, slightly cloudy. 
Check—no change. 


On this same day Light was injected subcutaneously behind the 
shoulder with 65 c.c. of culture described above. The following tempera- 
ture records show the effect of this injection which was made at 2 p. m.: 


6- 811—4p.m. 101.4 
6 p.m. 6 ROLSS 
6 p.m. 101.5 
6- 9-11— 7 a.m. 102.5 
8 a.m. 102.6 
9a.m. 104 
itva.m:: £03.25 
1p.m. 103.8 
4p.m. 104.1 
7 p.m. 104 
6-10-11— 7 a.m. 104 
12 m. 103.5 
4p.m. 1038 
6-11-11— 7 a.m. 102.8 
12 m. 102.6 
4 p.m. 102.5. 
6-12-11— 7 a.m. 102.7 
12 m. 102.5 
4p.m. 102.2 
6-13-11— 7 a.m. 102.3. 
12 m. 102.5 
4p.m. 102.5 
6-14-11— 7 a.m. 101 
12 m. 101 
4p.m. 101.6 


6-15-11— 7 a.m. 101 


June 15, drew blood from jugular of each heifer. Light showed local 
swelling at point of inoculation, hard and painless. 

Agglutination tests with samples of blood drawn on this day gave 
following results: 
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Light. 1- 50—complete. 
1-100—complete. 
1-250—complete. 
1-500—sediment considerable, quite cloudy. 


Dark. 1-10—complete. 
1-20—nearly complete, very slightly cloudy. 
1-50—sediment considerable, cloudy. 
Check—no change. 


It will be seen from the agglutination tests that the agglutinative 
power of the blood serum of the treated animal, Light, increased by 
seven days after the injection of the first portion of living abortion 
germs from 1-10 to 1-250, whereas the blood of the untreated heifer, 
Dark, showed practically no change in agglutinative power. It is now 
a well established fact that the agglutinative power of the blood serum 
of animals affected with infectious abortion is increased. M’Fadyean 
and Stockman originally demonstrated this in their work of vital im- 
portance for the Committee of the British Board of Agriculture and 
Fisheries in 1909.1. Later they bring a maturer judgment to criticize this 
test favorably. In short, they state that “one will be justified in re- 
garding complete agglutination with a serum dilution of 1-50 or 1-100 
as strong evidence of infection. The blood serum of animals affected 
with contagious abortion may agglutinate abortion bacilli in dilutions 
of 1-800. Asa rule, normal serum agglutinates at a dilution of not more 
than 1-10.2 Brull® states that sound animals furnish a serum agglutina- 
ting at 1-32, while habitual aborters furnish serum agglutinating at 1- 
120 up to 1-1,600. The permanent value of this test must be furnished 
by its extensive and critical use under varied conditions. 

On this same date, June 15, at 2 p. m., Light was injected as upon 
the previous occasion with 180 c.c. of culture “MacNeal” one month 
old, grown in the manner described above. The following temperature 
records were made: 


6-15-11— 6 p.m. 104 
6-16-11— 7 a.m. 1038.6 
12 m 104 s, 
6 pam sst05 
6-17-11— T a.m. 103.2 
12 m 103 
6-17-11— 6 p.m. 102.5 
6-18-11— 7 a.m. 102.2 
12 m. 102 
G pins 101s 
6-19-11— 7 a.m. 101.4 


It will be seen that the temperature reaction from the first injec- 
tion began about 17 hours after the injection, reached its maximum 26 
hours after the injection and resumed the normal condition only after 
five and one-half days although it remained at an elevation of 103 or 
above for only two days. After the second injection, the temperature 
was found considerably elevated four hours after the injection, reaching 
its maximum 28 hours after and resuming the normal condition three 
days after the injection. 
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Similar experiments by M’Fadyean and Stockman’ showed a tempera- 
ture reaction up to 105° lasting three days in one case, and in the other 
a reaction up to 106.4° lasting seven days. 

The heifers were bred as follows: Dark, June 27, 1911; Light, June 
29, 1911, to King Bowser, the college Jersey bull. 

3oth heifers were brought in from pasture November 7, after an un- 
eventful summer. 

November 8, drew sample of blood from jugular of each. Agglutina- 
tion tests with these samples gave the following results: 


Light—1-10 to 1-250 complete. 
Dark —1-10 to 1- 50 complete. 


On the same day there was injected intravenously into each heifer 
10 cc. of culture of “MacNeal” in heated horse serum -+ glucose 
glycerine bouillon 5 days old. 

The following temperature records were made: 


Light. Dark. 
Nov. 8—night ........ 101.5 101.4 
Noy. 9—morning ..... 101.1 101.3 
MOOR asi. 102.1 101.7 
BIeHe eee 102.8 102.5 
Noy. 10—morning ...... 102.2 102.5 
TLOOW 555 shou v adie 100.2 101.4 
MINT hs pes hoe ins. 102.2 102.5 
Noy. 11—morning ...... 102.5 101.8 
NOOR Ste sees eae 103 102 
Td 1 ey 103.5 102.5 
Nov. 13—morning ...... 101.5 101.1 
NOOR sac eewte 101.5 101.6 
14 ee re 101.6 101.9 
Nov. 14—morning ...... 101 LOD. 
MOOD as ass ce 101.4 101.5 
BIGNE Kove. sieiale cs 101.5 102.2 
Noy. 15—morning ...... 100.1 101 
BOO ce sus 6. Fa 100 101.2 
5% C2) Re ee uA a 102.7 
Noy. 16—morning ..... 101.5 101.2 
HOOD). sss ates 101.9 102.1 


The temperature reaction in these cases was very slight. No other 
effect of the injection was observed. 

On Feb. 16, 1912, injected into jugular of each heifer 10 c.c. of cul- 
ture “MacNeal” in amniotic fluid 20 days’ growth, also injected 30 c.c. 
into vagina of each. The following temperature records were made: 

Feb. 17, Dark, 100.2, Light, 101.2 
Feb. 18, Dark, 101.6, Light, 101.2 
Feb. 19, Dark, 101.3, light, 101.4 
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This treatment produced no apparent results. 

Dark calved normally, April 10, 1912. 

Light calved normally, April 15, 1912. 

No deductions can be drawn from this experiment except it be that 
injections of living abortion bacilli, unless more virulent than the strain 
employed by us, may be made either intravenously or subcutaneously 
with impunity on cattle either pregnant or non-pregnant. It was hoped 
and expected that Dark would abort thus showing the pathogenic, aborti- 
facient properties of the organism used and that Light would not abort 
showing an artificial immunity due to the original subcutaneous injec- 
tions or, if abortion took place, showing the inadequacy of such injec- 
tions. The organism must be greatly attenuated. 

The effect of injections of dead cultures or of the products of the 
growth of abortion germs may be further seen in the following experi- 
ments conducted with a view to test the efficacy of “abortin” as a 
diagnostic agent. 

“Abortin” was first described by M’Fadyean and Stockmant who 
recognized in it only limited possibilities. Brull* reports unfavorably 
on its use. Our results are reported because they indicate that a reaction 
takes place in some cases. We cannot come to a conclusion as to the 
value of this test even after studying our results. The test should be 
studied a number of years longer to thoroughly test its worth and possi- 
bilities. The injection of “abortin’ may have some immunizing effects 
available in preventing an infected animal from aborting. Some of our 
records indicate this possibility very strongly. This is more significant 
in view of the fact that many abortions had taken place up to the time 
of the application of the tests recorded in Table II when all the pregnant 
animals in the herd were tested. No abortions took place after this 
test was made, although in one case at least (Molly B) there were sus- 
picious symptoms of abortion between the time of the test and the date 
of normal calving. It is possible that 21A and 11A1 were also favorably 
affected by the treatment. 

The “abortin” which we used was made by growing Bact. abortus 
(Goda and MacNeal) in naturally sterile horse serum 10 e.c. + gly- 
cerinated bouillon 60 c.c. for 49 days at 87°C. Cloudiness was con- 
siderable and sediment abundant. The cultures were heated for 30 
minutes in steam and filtered several times through filter paper, conse- 
quently contained many dead organisms. The material was preserved 
in .5 per cent phenol by addition of one part to nine of 5 per cent solu- 
tion of phenol. The “abortin” used by us is designated “EK” made from 
pure culture of “MacNeal” and “B” and “C” made from culture “Goda.” 
It is not at all improbable that a more powerful reagent can be made 
capable of giving better results. 

Certainly, nothing definite can be concluded from the data recorded 
here. A study of Table III may throw some light on the value of 
“abortin” as a diagnostic agent. The first column contains the names 
of the cows that did not react to the test and calved normally. It is 
presumed that these animals were not affected with the abortion germ. 
In the second column are the names of those that reacted, yet calved 
normally. It is very probable that these animals were affected with the 
abortion germ yet carried their foetuses to full term as not infrequently 
happens. They may have been protected by the dose of “abortin” against 
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the action of the abortion germs. If this may be accepted as the ex- 
planation, we have here valuable evidence that a bacterial therapeutic 
agent for this disease is at least a possibility. The next column shows 
us those that aborted yet gave no reaction. This should not happen 
if we expect this test to be valuable. We may be able to explain away 
the weakness of the test in this connection. Three animals, Colantha 
Queen 2nd Girl, Colantha Margolyn, and 25B1, failed to react although 
they had aborted and had reacted to a previous test. Possibly their fail- 
ure to react to the second test is attributable to the effects of the 
previous injection of the reagent. This is the case in tuberculin testing 
many times. In the case of 22A, we see that the test was made over one 
month after the abortion. Possibly, the effects of the abortion did not re- 
main long after the act, thus leaving the animal not in a position to re 
spond to the reagent. This suggestion, however, will not explain the ab- 
sence of a reaction in Rebella. We are perfectly willing to admit that all 
of the possible explanations are very weak. The fourth column gives 
the reactors that aborted. These are the real tests of the diagnostic 
agent. Two of these cases, 21A1 and Bonheur Lassie 2nd, may be dis- 
carded as of little value on account of their high pre-injection tempera- 
tures. In other cases, also, the temperature response was slight. Little 
significance need be attached to the last column. At least, these animals 
acted as one would expect. 

In connection with the observations on sterility previously made, we 
call attention to the following observations:. On July Ist, 1912, the 
herdsman reported the following animals probably safely in calf, viz.: 
Nos. 1, 2, 4, 5, 6, 7, 8, 10, 18, 14, 15, 17, 18, 20, 28, 30; the following 
were not safely in calf and had been bred repeatedly: Nos. 9, 16, 19, 21, 
22, 238, 24, 25, 26, 27, 29, 31, 32, 33. The remaining animals had been 
either killed or sold. It is of interest to note the large number of fail- 
ures to breed in those animals ijisted in Table II. An explanation does 
not suggest itself to us. - 

In conclusion, we wish to call attention to the weakness of the “abor- 
tin” test as a diagnostic, but hasten to add that it should not be con- 
demned too harshly or rejected until its true worth has been determined. 
We suggest the advisability of making parallel tests with the agglutina- 
tion test, complement fixation test and with “abortin.” Finally, it is 
eratifying to note the apparent entire absence of untoward effects re- 
sulting from the use of either living cultures of Bact. abortus or sterile 
filtrate from its growth. 

Thanks are due Profs. Anderson and Brown for permitting the use 
of their herds, also to Mr. Himmelberger for valuable assistance in pur- 
suing these investigations. 
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TABLE III. 


Summarizing the results of the several ‘‘abortin” tests. 


Calved normally. 
No reaction. 


ie OS aera Apa nee areadoe College Belle........ Rebella.: ...0.<senste 
MOB Recents < gsteine Lady Belle.......... College Queen 2nd Girl 
Houwtje Margolyn....... Grade Hereford..... esol test after 28 
BYES 6 robo a 
College Alice............ MOlivAB Ss occas a ae PD Nba a 
Houwtje de Kol.........| 11A1 (?)...........- POR eer eheises, cet aes ] 
College Col. Queen 3rd....|.. .| Colantha Margolyn... | | 
MBG RUETIZOS- 9. claitigts:ava) vars BASE OcnUnC ono pogand test after 36 
ays.. 


College Queen 
WA GWATA NG ho agrees are 


Crown Queen............ ae 
Miss Hopeful............ nuaiake 


Handy Margolyn......... 


Aborted. 


Calved normally. 
No reaction. 


Reaction. 


Aborted. 
Reaction. 


College Queen 2nd Girl. . . 
21A1(?) 
Temperature high be- 
fore injection. 
Colantha Margolyn 
‘5B1 


College Belle Canary 
Colantha Queen 2nd 
Bonheur Lassie 2nd (?)... 
Temperature high before 

EMVECLION-. aaseia teens 
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Not pregnant. 
No reaction. 


L. K’s Kodora. 
College Kodora. 
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THE INFLUENCE OF CERTAIN ACID-DESTROYING YEASTS 
UPON LACTIC BACTERIA. 


Technical Bulletin No. 15. 


BY ZAE NORTHRUP. 


During the fall of 1910, a reddening of the soured milk in a sup- 
posedly pure culture of Bact. lactis acidi was remarked by one of the 
laboratory assistants. Upon microscopic examination, several types of 
organisms were found to be present, so plating methods were resorted 
to for the isolation of this pigment-producing organism; none of the 
resulting colonies gave a red chromogenesis. In order to preserve this 
organism for study, transfers were made into plain milk flasks every 
month or so. 

It was noted that each time a transfer was made, the milk first 
curded, then shortly afterwards the characteristic reddening appeared. 
Further effort was made to isolate the red organism, and dextrose agar 
was the medium from which the pigmented colony was finally isolated. 
The chromogenic organism proved to be a yeast (3). The lactic bacteria by 
propagation in this mixed culture seemed to retain their vitality over 
a much longer period of time than a pure culture of active lactic bac- 
teria growing in milk, which soon produce sufficient acid to effect their 
own destruction.* 

The yeast in this mixed culture seemed to be the most prominent 
organism involved, so a pure culture each of this red yeast and a lactic 
bacterium was added to a flask of plain milk to see if the same 
phenomenon would repeat itself in a pure combined culture. The char- 
acteristic curding and later reddening of the milk took place and trans- 
fers from this flask from month to month gave results similar to those 
obtained in the original culture, the curding and the time of curding 
were practically constant with each transfer. 

This caused the question to be raised: To what property or proper- 
ties is this activity of the red yeast due? Two possibilities present them- 
selves, viz., the revitalizing action of the yeast may be caused directly 
by the intracellular activity of the yeast, again, it may be due to 
enzymes which may be either intracellular, liberated by disintegration 
of the cell, or simply excreted enzymes. 

The most plausible explanation of the retention of the vitality of the 
lactic bacteria by growth with this yeast seems to be that it possesses 
an acid-reducing power, a property common to many yeasts. The next 
possibility although not considered first is by no means subordinate to 
the preceding, i. e., the possibility of independent enzymic action. 


*G.Troili-Petersson (9) observed a sim‘lar phenomenon during his studies upon the stereochemis- 
try of fermentation lactic acid. He grew Bact. lactis acidi with Oidium lactis in milk culture and dis- 
covered that the lactic bacteria were still active at the end of 24 months. 
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PART I: 


DETERMINATION OF THE SIGNIFICANCE OF THE ORGANISMS OTHER THAN 
LACTIC IN THE ORIGINAL CULTURE. 


Expt. I. 


Is the Yellow Coccus Existent in the Original Mixed Culture an Im- 
portant or a Negligible Factor in the Retention of the Activity 
of the Lactic Bacteria? 


In the effort to isolate the red organism from the original mixed 
culture a yellow coccus was found in addition to the red yeast and the 
lactic bacterium. This yeast, designated hereafter as LZ, was used in 
combination with a well known lactic organism, a typical starter bac- 
terium designated as Strain 2, for determining the relative importance 
of the yellow coccus in the mixed culture. The coccus was isolated in 
pure culture and transferred to milk and observed from time to time. 
It produces acid and eventually curds milk producing a tough curd 
which shrinks rapidly leaving the whey almost clear. 

In order to determine its importance in the mixed culture, the fol- 
lowing inoculations were made using 1 cc. of a 8 weeks old culture of 
No. 2, 1 ce. of a 53 day milk culture of the yellow coccus and 1 ce. of a 
53 day whey pore of the yeast LZ. Duplicate cultures were made 
each, of No. 2 plus the yellow coccus, yeast LZ plus the coccus, No. 2 
plus the yeast, and the coccus, lactic bacterium and yeast combined. 
These were titrated frequently and the changes in the milk noted. 

The coccus growing alone in whey and in milk gave the following re- 
sults upon titration. 

TABLET. 


Acid Production of Yellow Coccus. 


Age of culture, days. Whey. Milk. 
16° 21° 
192 37° 
222 *40° 
24° #4399 
25° 38° 


*Milk curded, whey separated. 
**Curd hard, not easily broken up by shaking. Lowacidity most probably due to the necessary lack of homogenicity of the 
ample used in titrating. 


TABLE II. 
Effect of the Presence of the Yellow Coccus in the Original Culture. 
Age of culture. No. 2 + Coccus. LZ + Coceus. No. 2+ LZ. | No. 2+ LZ+ Coccus. 
Days. ié Tea | ee ie IL. | I II I. II 
De hc My tree enya | - 108° 107? | = 24° 25° 108° 107° 106° 109° 
Geers seat ce eet rae 133° 1S 30° 27° 134° 136° 139° 136° 
a eae eRe Re ane ae 134° 1280haa| 5 men | 40° 141° 138° 140° 135° 
Ri Gdenin eaten seahorse 1372 134° 58° (ike iBye 122° 120° 122° 


’ *Test cultures made at this time. See Table III. 
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TABLE III. 


Test Cultures from Table II. 


Days. | No. 2 + Coccus. | LZ + Coccus. | No. 2 + LZ. No. 2+ LZ+ Coccus. 


Curded 10 days..... Curded 24 hours..... | Curded 24 hours. 
Curded eventually. . .| Curded 15‘hours.....| Curded 15 hours, 


Becoming acid 24 days... 
Wee ona Garcmeees ceeae eens No change 44 days...... 
| | 


From Tables II and III, the conclusion may be drawn that the coccus 
alone does not favor the retention of the vitality of the lactic bacterium 
nor does it seem to have any influence either on the acid production of 
the lactic bacteria or upon the time of curding as determined by the test 
cultures from the mixed cultures of the three organisms in comparison 
with those of the lactic organism plus the yeast. For these reasons 
the coccus may be considered a negligible factor in the retention of 
the vitality of the lactic bacteria. 


Expt. II. 


Acid Reduction of Yeasts in Pure Culture. 


It is a well known fact that a lactic bacterium will continue to live 
and produce acid within certain limits if the acid is destroyed or neu- 
tralized by the addition of alkali in some form. The preservation of 
the vitality and activity of the lactic bacteria in the mixed culture was 
therefore attributed to a probable acid-destroying or neutralizing prop- 
erty of this yeast. 

In order to determine whether this red yeast was an acid-reducer, it 
was compared with three other yeasts known to be such, a scum yeast 
from brine pickles “DR”, a butter yeast “SC” and a yeast from whey 
“DG.” The acid reducing power was tested out in pure culture first, 
by inoculating with the several yeasts, flasks of whey made approxi- 
. mately +30°, +50°, +70° and +90° acid by the addition of N/1 lactic 
acid. These flasks were sterilized after the addition of the acid. The 
whey became somewhat turbid when the acid was added but not enough 
to prevent observation of the growth of the yeast. Each flask of the 
group of four whey flasks having the approximate acidities of -++380°, 
+50°, +70° and +90° respectively was inoculated with 1 ce. of a broth 
culture of one of the yeasts. These flasks were titrated from time to 
time to determine the acidity and the rate of reduction. The following 
table shows the relative acid reduction of the four yeasts: 
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TABLE IV. 
Acid Reduction by Pure Cultures of Yeasts—Demonstrated by Growth in Artificially Acid Whey. 


30°, 50°. 70°. | 90°. 


Days.| 1z. | pR.| sc. ! pa. | uz. | pr.| sc. | pa. | uz. | pr. | sc. | pa. | uz. | DR. | sc. | pa. 


0.. ‘ 

el SE TT nial eZ 49°} 30° | 45°") 39° | 672) 57° | 64° | 65° | 88°} 80° | 77° | g2° 
Seer eco sale los G2) |e 142 AORN LOS 26eu) | 28e. (el | doe) aor medeon te SSoel| 6a Oo 1 gge 
20.. 15° 2° Gealee10e 19° 4° OPO} 122.1) 442 De Ts a es ie ES Seo as Web | ee be 
26.. US 12 9° 9° fits 2° Soa Feito sliesee A Ue ena Fl lef ie. |e 1S [elGe 
36.. 1g 12. 4° 8° 4° iby 6° Oo) 212: 2° 8° | 12°] 55° a) OR ad BS 1 
44.. i Ossie we 12 12 oe |e BP |) Gres) abe ii 8° | 13° 
52.. tle il ea Bak 8° 4° 3° Ue hacia cba ee 10%)|) 1225) 132 3° SP 188 
60.. (| hea Ie Soe 6° 0° 0° Boa Notas sts WP agape Dinu |) ALOceil ae aie 0° 5° | 12° 
Be 


*Contaminated, titrations discontinued. 


From Tables VI, VII, and XI following, it will be noted that a similar 
acid reduction takes place in the mixed cultures. 

In each of the different flasks of the yeast LZ no signs of growth 
were noted until after the 4th day and none in the flask of +90° whey 
until after 20 days. The following curve illustrates the comparative 
acid reduction of the different yeasts. This curve is constructed from 
the data in Table IV. 


COMPARATIVE AciD CONSUMPTION OF 4 YEASTS 
ae CROWINC IN ACID WHEY. 


Se Red Yeast== Scum Yeast «» Butter Yeast—--— 
Whey Yeast — 


peer 


Curve I. 


Yeast DR, the scum yeast from brine pickles, is much more active 
in reducing acid than any of the other yeasts; yeast SC is second in 
activity, yeast DG third, while yeast LZ is much the weakest. From 
these curves it would appear that the function of yeast LZ is not prin- 
cipally that of acid reduction; this seems to be of secondary importance. 
It will also be noted that in most cases the acid-reducing function of 
the yeast LZ is evident only after about 8 days, it then continues to act 
with greater or lesser rapidity as the amount of acid present in the 
medium is large or small. The time of the beginning of acid reduction 
in the pure culture of yeast LZ corresponds quite exactly with the 
period in the life of ordinary lactic organisms at which the bacterial 
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cells are beginning to die off. This fact seems, partially at least, to 
account for the extending of the life and activity of the lactic bacteria 
in mixed culture, the yeast by its acid-reducing power removing suffi- 
cient acid so that a certain percentage, if not all, of the lactic 
microorganisms may continue to retain their optimum fermenting 
power. 

The acid-reducing power of the yeast LZ was tested in a slightly dif- 
ferent way with comparable results. It was grown with 44 day old 
pure cultures (milk) of the following different lactic organisms, Strain 
4, a weak lactic bacterium, No. 3Cb, an organism similar to No. 4, 
Bact. bulgaricum isolated from yoghourt and No. 53B2, a high-acid- 
producing organism. These pure cultures were titrated, then inoculated 
with a loopful of a comparatively fresh culture of yeast LZ. The first 
two lactic bacteria named were not alive, due to the long sojourn in 
their own products. Within 6 days, the yeast LZ appeared in the flask 
containing No. 3Cb, the presence of the yeast being ascertained by the 
appearance of the red color; 2 days later, the yeast appeared in Strain 
4, and 12 days after inoculating the milk, a good growth was present 
in Nos. 4 and 38Cb, while no growth whatever was apparent to the 
naked eye in the flasks containing the high-acid lactic bacteria; at this 
time, these latter flasks were reinoculated with a loopful of one of the 
cultures of LZ which had been growing in artificially acid whey, under 
the supposition that this culture of the yeast had become inured to a 
higher percentage of acid than the first culture used, but on account 
of the high acidity of the lactic culture or to the small amount of inocu- 
lum, the yeast never grew in these cultures. The following table shows 
the acidity in the four cultures after the yeast LZ was introduced: 


TABLE V. 
Acid Reduction by Yeast LZ—Demonstrated by Growth in Milk Acidified through the Agency of Lactic Bacteria. 


Age of culture. | No. 3Cb. No. 4. | Bact. bulgaricum. No. 53B2. 
Days 
ORR ecics Sic foot etenieta teaeosmeemes 114° 108° 347° 228° 
LD ae IM seine. ak genau ee wlaid arco bicinee fete 90° 91° 356° 238° 
nae te Sr Rais che sineoeR VE Ue he tse coisas 68° 57° 356° 233° 
Peo Be ae aT Sek CE ORCC Ine 51° 29° 258° 233° 
Me Seth ae ae els see nue tates case sie aaloe 41° 29° *40)2° *269° 
SN ta ate INNS Ne Re cia casein war tib lore Sal Brat aperetctabena Teva Slate ee Bre afew OIRO Tae 410° ite ce eos 
UD iaticidc cei cater tae Sowaene ces SUC eGo ce meeese | 29° | 5 xale(e's aisle} irove\w ate. k| mia/eVe olarure pio je a(oa' | atm EPS atte 6] eee 


*At this time a larger inoculum of LZ was introduced. No growth of the yeast resulted. 


Hither the casein in the milk or the products of the lactic organisms 
derived through the presence of the casein have some stimulating in- 
fluence upon the yeast LZ. Comparing Tables IV and V, it will be 
noted that while 20 days elapsed in the LZ culture of +-90° whey before 
any growth whatsoever became apparent, abundant growth occurred 
within 6 days in the milk which had attained a much higher acidity, 
viz., +114°, through the action of lactic bacteria. 


EXPERIMENT STATION BULLETINS. 423 


Expt. III. 


Comparison of Acid-Reduction in Mixed Cultures of Four Yeasts and 
Four Lactic Bacteria in Milk and in Whey. 


Each of the yeasts used in the previous experiment was grown with 
each of four different lactic bacteria, Strain 2, Strain 4, No. 538B2 and 
Bact. bulgaricum. Duplicate cultures were made in milk and in whey. 
These were titrated over a period of two months, test cultures being 
made during and after this period to ascertain the activity of the lactic 
in question. 

The following tables give the fluctuations in acidity in the separate 
and combined cultures in milk and whey. All cultures were kept at 
room temperature as the activity of the red yeast is greatly checked at 
30° — 32°C., and entirely arrested at 37°C. 


TABLE VI. 
Acidity of Mixed Cultures in Milk. 


of Strain 2 Strain 4 Bact. bulgaricum No. 53B2 
cul- + SF ste =F 
ture. 


Days.| LZ. | DR. | SC. | DG. | LZ. | DR. | SC. | DG. | LZ | DR. | SC. | DG. | LZ. | DR. | SC. | DG. 


Pee MOGS MOGs.) 6 98e || L022 = Gbg0|mo0en I 492 672) sO2o 1012") POGls|, 142° G25 922" 820 24° 
Ae 1062 1 1082 1 106251 902 |) 902) 7625), 7021) 1202 | A07S> 1 11> |) 672 |) 1252.) 1252 | 1132 51° 
Geen el2om Qe eae A222 1Ole i) 912 , 

8.. | 125° | 109° | 111° | 111° | 105° | 105° | 106° | 94° | 123° | 108° ; 116° | 232° | 151° | 150° | 142° | #123° 
10.. | 125° | 105° | 111° | 124° | 116° | 108° | 113° | 98° | 126° ; 115° | 111° | 255° | 161° | 161° | 150° | 142° 
12.. | 125° | 103° | 106° | 115° | 124° | 92° | 128° | 95° | 127°.; 126° | 127° | 255° | 163° | 171° | 156° | 132° 

°16.. | 133° | 98° | 122° | 150° | 138° | 104° | 145° | 101° | 140° | 164° | 170° | 234° | 187° | 185° | 160° | 166° 
20.. | 147° | *90° | 141° |*164° | 169° } 104° | 166° | 103° | 167° | 178° | 193° | 274° | 203° | 189° | 161° | 173° 
24..; 166° | 108° | 162° | 174° | 180° | 108° | 172° | 114° | 200° | 166° | 200° | 206° | 220° | 190° | 160° | 176° 
28..| 171° | 86° | 150° | 155° | 161° | 94° | 155° ; 101° | 196° | 135° | 178° | 102° | 218° | 189° | 146° | 158° 
32.. |f185° | 89° | 152° | 184° |7189° | 100° | 155° | 98° |7220° | 68° | 155° | 78° |7223° | 198° | 143° | 171° 
36.. | 181° | con. | 141° | 171° | 189° | 92°") 154° | 91° | 225° | 44° | 80° | 81° | 220° | 194° | 125° | 186° 
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4011902 1 ee 148° | 181° | 213° 94° | 148° | 103° | 232° 36° 69° 64° | 230° | 193° 122 166° 

BBN 2020 tacts Ooce|e1OSe veloe |) Sao Ih l262-|— 90S |) 23421" ATS) SSS) G62 12372 | 2002. 1) 51S 1 1542 
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*Slimy. 


tReinoculated with 1 cc. of a 16 day culture of yeast LZ because the red color of the yeast had not appeared at this time. 
°Test cultures made at this time; also after titrations were no longer carried on. 


From this table, it will be noted that the types of the different lactic 
bacteria are markedly differentiated by the quantity of acid and the 
rapidity in which it is made. Bact. bulgaricum may seem atypical but 
this strain has been grown at room temperature (21° — 25°C.) for 
over three years and is therefore quite comparable with No. 538B2, the 
other high-acid-producing organism. The active acid-reducing property 
of the yeasts other than the red yeast LZ, is also marked. These char- 
acteristics are more graphically illustrated by curves II, III, and IV. 

It will be remarked that in every case the lactic bacteria growing with 
the yeast LZ continue to make acid, even at the end of 56 days. This 
was attributed to the fact that this yeast apparently did not grow, as 
no red color had developed at the end of 32 days; microscopical ex- 
amination confirmed this theory. At this time, the delinquent cultures 
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were reinoculated with 1 ce. of a 16 day whey culture of the yeast LZ, 
but the lactic acid at this time was present in such strength that the 
yeast did not grow and the presence of the acid eventually killed the 
lactic bacteria. Test cultures made at the end of 64 days from the 
mixed cultures of the lactic bacteria and the red yeast showed no 
growth with the exception of No. 53B2 which is capable of retaining 
its vitality and activity over long periods of time, not seeming to be 
influenced by the amount of acid produced, therefore the survival of 
this lactic bacterium could not be attributed to the presence of the yeast 
or its products. 

It will also be noted that the Strains No. 2 and No. 4 in mixed cul- 
tures with yeast LZ reached an unusually high acidity for ordinary 
lactic bacteria; both microscopical examination and plating revealed 
only ordinary lactic bacteria and the yeast LZ present. In later ex- 
periments, weak lactic bacteria were stimulated by growth with the 
yeast so that they were induced to produce nearly double their usual 
amount of acid, but this amount was never greater than that produced 
by pure cultures of typical lactics. 

Table VII gives the data for the duplicate mixed cultures in whey. 


TABLE VII. 
Acidity of Mixed Cultures in Whey. 
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+Test cultures made at this time and at 64 days. 
°Yeast LZ not present in these cultures, 


The difference in the four lactic bacteria in mixed culture is much 
more marked in the whey cultures; the rise in acidity takes place more 
quickly in No. 2 than in No. 4, and much more quickly in No. 53B2 than 
in Bact. bulgaricum or in the typical starter bacterium. In fact, in 
the mixed cultures of Bact. bulgaricum growing with the three acid- 
destroying yeasts, the original acidity of the whey (13°) was reduced 
4°—7° by the yeasts before the lactic bacteria had multiplied suffi- 
ciently to produce a measurable quantity of acid. Yeast LZ grew only 
in the whey flask with Bact. bulgaricum. The following curves are 
illustrative of Tables VI and VII: 
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Scum YEAST GROWING WITH 4 DIFFERENT LACTICS. 


MILK — WHEY -- 
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™ se High acid lactic 
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* Contaminated with molds. 


Curve II, 
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Curve III. 


426 STATE BOARD OF AGRICULTURE. 


ns BUTTER YEAST CROWINC WITH 4 DIFFERENT LACTICS. 
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Curve IV. 


The titration records of these mixed cultures in whey and in milk 
show a gradual rise in acidity, reaching its maximum in from 20 to 
30 days, then begins the destruction of the acid. Several of these 
cultures became contaminated because of the frequency of titrations and 
these may have influenced the curves in some cases, but a general idea 
of the action of these yeasts upon the several lactic bacteria in com- 
bined culture may be obtained from the above charts. 

An effort was made to determine whether the acid produced by the 
lactic bacteria was merely neutralized in the mixed culture or whether 
it was decomposed to CO, and H,O by the activity of the yeasts. Quan- 
titative analyses of several of the mixed cultures was made for the 
determination of the amount of lactic acid present after the acidity 
had been reduced considerably by the yeast. Because of lack of com- 
plete data, the results could only be estimated but they were accurate 
enough to prove that the acid was destroyed by the yeasts and not 
simply neutralized. 

As checks on the above mixed cultures, pure cultures of each of the 
lactic bacteria and of the yeasts were made in whey and titrated fre- 
quently. These data are found in the following table: 
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Age of culture. Yeasts. 

Days. LZ. | DR. | SC. | DG. 
#4 6° 5° 7° 
6° 5° 5° toh 
i 1° De 4° 
g° 7 6° Be 
2s 21° 24° 1 
28° pEso Db ie 
24° 152 228 18° 
ae Vibe 252 24° 

28° 28° 25° ? 
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TABLE VIII. 
Pure Cultures of Lactic Bacteria and of Yeasts in Whey. 
Lactic Bacteria. 
Strain 2. Strain 4. Bact. bulgaricum. No. 53B2. 
7° qe 4° ge 
28° 13° 9° 24° 
98° 12° 18° 55° 
nile 13° 22° 69° 
Sis 14° 26° 85° 
312 16° 28° 90° 
31° 30° 20M 93° 
31° ote ae 101° 
Ble con. 27° 101° 


*Original acidity of whey + 5°. 


Tables [IX and X give a summary of the test cultures made from time 


to time from the mixed cultures in milk and in whey. 


These cultures 


were made by transferring a loopful of the mixed culture to a litmus 
milk tube and incubating at 30°C. 


TABLE IX. 
Test Cultures from Milk Flasks. 


Lactic 
Bacteria. 


Strain 2.. 


Strain 4... 


Bact. bul- 
garicum.. 


15 days. 


32 days. 


°°64 days. 


.| Curded 17 days.. 
Curded 24 hours. 
Curded 24 hours. 


Curded 6 days... 
Curded 8 days... 
Curded 3 days... 


No change 4 daysence 
Curded 2 days......... 


90 days. 


160 days. 


No change 3 weeks... 


Curded 24 hours..... 


No change. 


Curded 3 days. 


No. 53B2.. 


Curded 24 hours.| Curded 3 days...| Curded 2 days......... Curded 24 hours.....| Curded 4 days. 
Curded 17 hours. Curded 3 days...| No change 4 days... ... Curded 7 days.......| No change. 
Curded 24 hours.' Curded 3 days...| Curded 2 days......... 28, Me Sn eerie ae 
Curded 24 hours. Curded 3 days...| Curded 2 days.. ...| Curded 24 hours.....| Curded 4 days. 
Curded 24 hours.’ Curded 3 days...! Curded 2 days.........| Curded 2-3 days..... Curded 2 days. 
Curded 72 hours.| Curded 6 days...| Curded 4 days......... 4 way Wl tote ee 
Curded 24 hours.| Curded 3 days...| Curded 2 days.........} tCurded 24 hours....| No change. 
Curded 24 hours.| Curded 3 days...| Curded 2 days......... Curded 24 hours.....| No change. 
Curded 72 hours.| Curded 3 days...| Acid, not curded 4 da..| Curded 3 days.......| No change. 
Curded 17 days..| Curded 6 days...| No change 4 days......| **Curded 3 days.....| Acid 3 days. 
Curded 17 days..| Curded 3 days...| Curded 2 days......... Curded 24 hours.....| Curded 4 days. 
Curded 72 hours.) Curded 3 days...) Curded 2 days......... Curded 24 hours..... Curded 4 days. 
Curded 17 days..| Curded 3 days...| Acid 4 da. not curded..| Curded 3 days....... No change. 


*Contaminated, discarded. 


+Curding caused by contamination with ordinary lactic bacteria; Bact. bulgaricum not present. 
**Yeast LZ not present. No. 53B2 retains its vitality without the presence of the yeast. 
©°A¢t this time plates were made from each test culture for determining the relative activity of the lactic bacteria, time of 


curding and flavor of curd. 


(See Table XV). 
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TABLE X. 


Test Cultures from Whey Flasks. 


Soe | Yeast. | Sdays. | 17 days. 33 days. 66days.jt | 90 days. | 160 days. 


Strain 2....| LZ....| Curded 24 hr..! Curded 3 wks.|{Curded 4 wks. |**Acid, not curd- 
| ed Gidas. coche No change 3 wks} No change, 

DR....| Curded 24 hr..| Curded 24 hr..} Curded 3 da...| Curded 3 da.....| Curded 24 hr....| Curded 48 hr. 

ER | Curded 24 hr..! Curded 24 hr..| Curded 3 da...| Curded 3 da.....| Curded 3 da.....| Curded 3 da. 
DG....| Curded 24 hr..| Curded 24 hr..! Curded 3 da...| Curded 3 da.....| Curded 3 da.....| No change. 


Strain 4....| LZ.....| Curded 4 wks.| Curded 24 hr..| Curded 3 da... 
| DR....| Curded 24 hr..| Curded 24 hr..| Curded 3 da...| Curded 3 
| SC.....| Curded 4 da...| Curded 24 hr..| Curded 3 da...| Curded 3 
| DG....| Curded 24 hr..| Curded 24 hr..| Curded 4 wks. ? 


+ 
da.....| Curded 48 hr....| Curded 48 hr. 
da.....| Curded 3 da.....| Curded 3 da. 
Slghtly acid 3 da) Curded 48 hr. 


Bact. bul- | 
garicum...| LZ..... | Curded 4 da...| Curded 3 wks.| Curded 4 wks.| Curded 6 da.....| Yeast only...... | No change. 
DR....| Curded 24 hr..| Curded 48 hr..} Curded 4 wks.| Acid 6 da litmus 
reduced...... Yeast only...... No change. 


| SC.... ‘| Curded 24 hr..| Curded 48 hr..| Curded 4 wks.| Curded 3 da.....| Curded a, ..| Curded 4 da, 


| DG....| Curded 24 hr..| Curded 24 hr..| Curded 3 da...| Curded 3 da.....| Curded 2 Curded 2 da. 
| | 
cae 
No. 53B2 LZ.....| Curded 4 da...| Curded 3 wks.| Curded 4 wks.| Curded 6 da.....| Curded after 3da) No change. 
DR....| Curded 4 da...} Curded 48 hr..| Curded 4 wks.| Curded 6 da.....| Curded 3 da.....| Curded 3 da. 
iu | Curded 4 da...| Curded 48 hr... Curded 6 wks.| Curded 6 da.....| Curded 3 da....| No change. 
| 


| G....| Curded 4 da...| Curded 48 hr... Curded 4 wks. Curded 6 da.....| Curded 3 da.....| Curded 4 da. 


| 


*Contaminated: discarded. 
**Yeast LZ not present, lactic bacteria killed by their own acid except in the case of No. 53B2. 
+Cultures marked ‘‘Curded 4 wks." in this column curded within 4 weeks or after 3 days, no observations having been taken 
between those dates. 
’ as were made from each test culture for determining the relative acidity, time of curding and flavor of curd. (See Table 


Expt. IV. 


Expt. III was repeated, using yeast LZ only, and nine different lactic 
bacteria including those used in the first experiments; the four addi- 
tional lactic bacteria were namely, Streptococcus lacticus, a typical 
lactic bacterium isolated from milk from the Emblagaard Dairy, Mar- 
quette, Mich., Lactone, a lactic bacterium isolated from a commercial 
starter in powder form, and Nos. A and B, similar to Strain 4, both 
isolated from the original mixed culture. 

The mixed cultures were made as follows: 1 cc. of a 4 day whey cul- 
ture of yeast LZ was added to each of 9 flasks containing 250 cc. sterile 
milk, then to each flask was added 1 cc. of a milk culture of a lactic 
bacterium; the ages of the different lactic cultures varied, Nos. A and 
B being 3 days old, Bact. bulgaricum, Nos. 538B2 and 3Cb were 4 days 
old, Strains 2 and 4, 10 days old, Strept. lacticus, T weeks old and 
Lactone, 24 days old and not curded. These mixed cultures were in- 
cubated as before at 21° —25°C., titrated and test cultures made. 
Table XI gives the titrations over a period of 181 days. This table can 
be compared with Table VI. Curve V following is a graphic representa- 
tion of this table. 
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TABLE XI. 
Yeast LZ plus Lactic Bacteria in Mized Culture in Milk. 
= pce En ad My EERE es é ES SS SE ——-——— 
fc. 
Days. Strain 2. | Strain 4. | No. 3b. | jSyiBI. | No. 83B2.| pyyfwcum, | Lactone. | No. A. | No. B 
Boia ts ..| 122 93° 93° 93° | #1122 253° 34° | 101° | 100° 
AS ecviciy sce oasis **130° *#152° *#*146° *164° 182° *302° 114° 120° *120° 
in teats sire eikis, <7 168° 185° 190° 205° 210° 314° 126° 126° 159° 
Ot a PORE Was 195° 210° 203° =| 193° 259° 120° 125° 170° 
(RES or iCrerE Ie 208° 240° Bose 182° 201° 239° | 133° 1Ba7* 1 ees. 
Leia OTA ae 232° 219° 271° 250° 236° 219 150° 153° | 235° 
Sie ntokc cet accts 155° 165° 157° 157° 367° 124° 135° 123° 164° 
ity See Seer See 196° 198° 203° 180° ##% 67° | ane 133° 170° 
PB Veeiry ta sins sec g9° 212 1022672! DBS Miler. elerovwrere 42° | 30° | 79° 
*Slimy. i : 
**Slimy, contaminated with a few rod-shaped bacteria. 
***Contaminated with molds, lactic bacteria dead, discarded. ; 


ests Reo YEAST CROWING WITH 3 DIFFERENT LACTICS. 


yf Migh acid lactis SSB2 


= —— 
Se 
_— 
=—S 


— —Bact buigaricum 


Days 5 1% 25 353 40 50 a7 101 
* Slimy 


Curve V. 

In the above table, test cultures were made at the end of 25, 86, and 
147 days or about 1, 3, and 5 months respectively with the following 
results : 

TABLE XII. 


Test Cultures of Yeast LZ plus Lactic Bacteria. 


Lactic Bacteria. 25 days. 86 days. 147 days. 

PULAU phe mrcnjstetslelciesiar cate cle Curded in 24-48 hours....| Curded within 24 hours............... Curded within 24 hours. 
Suit hi = sce cone Dp eGeee re Curded in 24-48 hours....} Curded within 24 hours............... Curded within 24 hours. 
INOmOOD Season nis tena saelrane Curded in 24-48 hours....} Curded within 24 hours............... Curded within 24 hours. 
Nirept. lacticuss...6.ccwcs sss Curded in 24-48 hours....} Curded within 24 hours............... Curded within 24 hours. 
NOMS Baer ste eiase uence Curded in 2-4 days.......; Contaminated with mold, lactic dead...|............20-ceceeeees 
Bact. bulgaricum..........-. Curded in 4 weeks....... Gurdediwithin'4?dad. = sis sss. ceces Curded in 24-48 hours. 
MEA CHONEL osu hiels ne eaisosiete Curded in 4 weeks....... Curded within 24 hours............... Curded within 24 hours. 
INOGACS et Aoeiiicecercscc Curded within 48 hours...| Curded within 24 hours............... Curded within 24 hours. 


ING Be eitraae. attach tee Curded within 48 hours...| Curded within 24 hours............... Curded within 24 hours. 
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From the above, it will be noted that the lactic bacteria were sub- 
jected to a process of “rejuvenation” if it may be so called, which was 
most marked in the case of Lactone, the initial inoculum of which was 
a litmus-milk culture 24 days old and neither curded nor very acid. 
This rejuvenating process occurred in another mixed culture of the yeast 
LZ and Lactone, the data of which is found in the next table. 

This culture of Lactone, originally isolated from a dry commercial 
starter, had been kept in litmus-milk culture in cold storage at 
5° — 10°C. for 7 weeks. When taken out, it was but very slightly acid, 
but curded in 3 days. A transfer from this culture, just curded, and 
from a culture of the yeast LZ was made into 200 ce. sterile milk, a 
transfer of Lactone being made into a litmus milk tube for a check. 

2 da:—Mixed culture curded; check not curded. 

3 da:—Check curded. 

5 da:—Yeast LZ becoming evident. 


TABLE XIII. 
Lactone plus Yeast LZ in Milk. 


| 
[2S reat 
| 
| 
j 
} 


Mixed Culture. Test Cultures. 


Days. Acidity. Days. Remarks. 


64 Curded in 24-48 hours. 
114° 107 *Curded in 24 hours. 
121° 167 Curded in 24 hours. 


_ 
c—} 
a 

° 


*Plated from test culture and isolated 2 colonies; both curded typically within 24 hours. This pure culture has retained its 
¢etivity for over three months, in fact is more active than Strain No. 2. 


As noted in Tables XI and XIII, Lactone was seemingly rejuvenated 
so the experiment was repeated to check the results already obtained 
using as many different cultures of weak lactic bacteria as were ayail- 
able. The ones obtained are as follows: Lactone, a 3 weeks old culture, 
not acid and not curded; Stock lactic, a bacterium producing almost no 
acid, does not curd milk but does possess slight litmus-reducing proper- 
ties; HA, a weak lactic bacterium, curds in 3 days; FC, a less active 
than HA; and L, a 9 weeks old lactic bacterium which had produced 
but little acid and had not curded, the culture used in this experiment 
was the original culture isolated from milk. In each case, 1 ce. of a 
14 weeks old whey culture of yeast LZ was used. 
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TABLE XIV. 
Rejuvenation of Weak Lactic Bacteria. 
Da. Lactone + LZ. | Da. | Stock Lactic + LZ. | Da. | HA+LZ.| FC+LZ | Da. | L+LZ 
| | 
Oia set OUrded ees s.< aie 5 | Curded, 48° 1 | {Curded....| $Curded...... 3 | Curded 47° 

eS cikcarecaie 2 112° OP ilipanicnnce 50° Ae eO se eke leaker. Beg NE I eS ae §91° 
Pea ee ae 113° LG P| eakrecieos 97° Gee LULS 
Contaminated....... Contaminated....... 16 !.¢f113° 
PAN ir Pg 

| | 


*Test culture not curded in 4 days. 
+Test culture curded in 4 days. 
+7+Test culture curded in 24 hours. 
{Test culture curded in 5 days. 
ttTest culture curded in 48 hours. 
§Test culture curded within 12 days. 
§§Test culture curded within 24 hours. 


The test culture made after L had been growing in mixed culture with 
yeast LZ for 16 days curded in such a markedly shorter time that plates 
were made and three pure cultures of the lactic bacterium isolated. 
These curded within 48 hrs., transfers from these curded within 24 
hrs., and continued to retain this activity over a period of a month or 
more, i. e., up to the time of writing these data. 


Expt. V. 


Test of Time of Curding and Flavor of Curd of Pure Cultures of Lactic 
Bacteria reisolated from the Mixed Cultures with Yeasts. 


Plates were made from the 64 day old mixed cultures in milk and in 
whey (see Tables IX and X) and pure cultures of the respective lactic 
bacteria re-isolated from these plates were transferred to litmus milk; 
when these cultures were from 5 —8 days old, 1 cc. of each pure culture 
was transferred to about 60 cc. of sterile milk and placed at room tem- 
perature. Most of these curded within 48 hours, a few took from 
4—5 days. The score of these milk cultures is found in the following 
table: 
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Summarizing the above scores, Strain 2 gave a sharp clean acid 
throughout all the cultures, Strain 4 was mildly acid and both Bact. 
bulgaricum and No. 538B2 produced a very high acid except in the 
younger cultures. Off-flavors in all cases were found to be due to the 
specific yeast which had been picked up in the effort to isolate pure 
cultures from thickly populated plates. 

It. was noted that the pure cultures of high acid lactic bacteria 
isolated from their combined cultures with the different yeasts in milk, 
produced acid faster than the same bacteria from the duplicate cultures 
in whey. Bact. bulgaricwm from the mixed culture of Bact. bulgaricum 
with the yeast DG in whey is the exception to this. (See Table XV.) 
This seems to show that the stimulation produced by the constituents of 
milk not common to whey is still in effect after the removal of the lactic 
bacteria from their direct influence. 


PART II. 


INFLUENCE OF ENZYMES PRODUCED BY YEAST LZ. 


The influence that the yeast LZ has upon the different lactic bacteria 
was attributed to some enzyme or enzymes produced by the yeast. To 
ascertain whether this influence was exerted by extracellular substances, 
a whey culture of the red yeast was filtered through a bacteria imper- 
vious filter and the action of the filtrate compared with that of the cul- 
ture itself. 


Expt. I. 


Determination of Extracellular Substances in the Filtrate of Yeast LZ. 


A 4 months’ old whey culture of LZ was filtered through a Kitasato 
pencil filter, obtaining about 50 ce. of filtrate. A flask containing 250 ce. 
of sterile milk was inoculated with 1 cc. of this filtrate and 1 ce. of a 
3 weeks old milk culture of Lactone and another flask of sterile milk 
inoculated with 1 ce. of Lactone for a check. Both flasks and the fil- 
trate were plated immediately. 

As soon as the milk containing the filtrate curded, plates were again 
made and the acidity recorded from each flask; titrations and platings 
were made from time to time for over a month. The results are 
recorded in Table XVI. 

The fermenting capacity of the lactic bacteria in this experiment and 
in those following is calculated according to Dr. Rahn’s formula (1) 

b 

S loga 
t (b - a) log? ” 
largest number of cells, “t” the time at which ‘“b” was determined, and 
“S” the increase in the acidity of the medium, “x” is the number of 
milligrams of ferment lactic acid produced per hour by a single cell. 
These caleulations were made in the hopes that some additional light 
would be thrown upon the action of an aggregation of cells of lactic 
organisms. 

55 


x= “a” being the initial number of bacteria, “b” being the 
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TABLE XVI. 
Lactone + 1 cc. Filtrate of Yeast LZ. 


Lactone, check. Lactone + Filtrate. 
Age of Culture. Remarks. 
Acid. | Organisms perce. | Acid. | Organisms per cc. 
ar 

Days 

Oeseu ss Rtn: odors oe bebeeee tok 15° 105,099 152 47,800 | No growth in filtrate. 

” Sapte oee Tee SR ct EL ae tne ete She 125,000,000 | 70° 294,000,000 | Check flask not curded. 

Giese oe wee ne 68° 184,000,090 | 73° | 238 000,000 | Check flask not curded. 
TBR racencen 2 a darat eek v een Se oe 92° 286,000,000 | 86° | 271,000,000 | Soft curd in check. 
Dee ee re tse ee ee clerde as ha nlm 105° *40 175,000 | 91° 965,750 | Check contaminated. 

NO e sea ahaa nat Se cree denen | 109° *346 ,000 ,000 99° None) |< fos cak nox eee 
Rermenting’ capacity... 2.05. ces0c2.] sae. ss 2.649 x 10-10 | Brera 13.2 10-10 i), 


*These counts were most probably influenced by the presence of mold in the check. 


The above experiment was duplicated using Stock lactic in place of 
Lactone. A 4 day milk culture of Stock lactic (not curded) was used in 
the following experiment : 

TABLE XVII. 
Stock Lactic + 1 ce. Filtrate of Yeast LZ. 


| Stock lactic, check. Stock lactic + Filtrate. 
Age ee Baa a laa ee el Remarks. 
Acid. Organisms perce. | Acid. Organisms per cc. 
} | 
| l 
Do eegh ee aes Sek coved fee bay || 342,090 | 15° 301,800 | No organisms in filtrate. 
ee. Aamo ea 31° 117,000,000 | 46° | S60/,000; 000! | ose bes caw cep, tome ae 
heer sre oe tor teuaa || Ole 118,090 ,000 61° 220000 O00 11 otcsee ote cinema. aie crete Gatehrett oe eee 
Bobs eS cia leks p.eore We | 34° 33,750,000 (bys 61,800" 000) 1.2 CA co ncicige dD aihas cee wae a hene Oe 
ae ae Peat, Ie 44° 30,325,000 | 90° 290" BOO ec: ae cones aime wea ee ee 
Fermenting capacity.|...... | 4.814x10-19 |...... 3.667 10-19 | Compared at 9 days. 
| 


From Tables XVI and XVII it is evident that the filtrate possesses 
some stimulating influence upon the lactic organisms, causing both an 
increase in virility and in acid production and a consequent decrease in 
numbers, 


Expt. IT. 


Determination of the Nature of the Extracellular Substances present 
in the Filtrate of Yeast LZ. 


To ascertain whether this stimulating influence is due to an enzyme 
or to peptone formed by the yeast (see Tables XV, XVI, and XVII in 
Tech. Bul. No. 10) one lot of filtrate was heated for 5 minutes in flow- 
ing steam to destroy any enzyme present and the unheated filtrate was 
kept as control. Lactone was used in this experiment. One ce. of a 
26 day culture of Lactone (not curded) was added to each of 3 flasks, to 
one of these was added 1 ce. of heated filtrate, to the second, 1 ce. of un- 
heated filtrate, leaving the 8rd flask for control. 
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TABLE XVIII. 


Lactone plus Heated and Unheated Filtrate. 


Lactone + heated Lactone + unheated 
Lactone, check. filtrate. filtrate. 
Age an a a ee ee <a Remarks. 
-, | Organisms per -, | Organisms per F Organisms per | 
Acid. an Acid. Gd: Acid. | Ga | 

Nek Re en Sette 15° 65,800 153 68,700 15¢ OTERO settee ooh icteelas one citys ais ade 

bi. Shane Sapemnaencc 63° | 402,000,000 | 67° | 499,700,000 | 68° | 811,000,000 | Soft curd in first two; solid curd 

in last one. 

MR Sate trees Se success d2eata 40 0002000; |'=n67—. \2 Sb OOD L000! (702°)! “S31, 000; 0001! sec cs ncyes oe omic onc b arden 
Deer’ eh jstateyoute ets Asie 59,000 ,000 79° 290 ,000 ,000 80° OO Z008000' aca ede tetas eee aceon 
Ik GoOuide AOCCEE OaC 84° 12, 500+,000 87° 35,700,000 86° BOs OOO SOUO HE crotcet tess clas ate sn sta clocaeseuseeters 
5) Go oR ORR OE Ree. 84° 340,000 | 81° 20,000 | 89° SO 000)*|Li. AAS A acme neste eae 
Fermenting capacity.|...... 11.26x10-19 |...... 10.01x10-19 |...... 6.38 x 10-19 | Compared at 72°, 67° and 68° 

respectively. 


The stimulation and subsequent dying off of the lactic bacteria occurs 
in this experiment also. Strain 4 was used in a duplicate experiment 
with only slightly different results. One cc. of the filtrate was added 
to each culture. 


TABLE XIX. 
Strain No. 4 + Heated and Unheated Filtrate. 


) 
> No. 4 + heated No. 4 + unheated 
Check. filtrate. filtrate. 
Age us = Remarks. 
ead Organisms per Reid Organisms per Reid Organisms per 
% cc. Z cc. : ce. 
wy | 

( Pecbads sae eerecne 15° 1,011,000 152 793 ,000 152 FT GYR: OOD lst ccaccrs toes cic clon nla deteocioe eee 
OER AROSE ICG Men 88° 1,625,000 ,000 75° |1,718,000,000 294 1E 4082000 O00 Nace oe Aas = cet eatin 
Deere evs sjeoes cceate 110° |1,847,000,000 | 101° |2,048,000,000 | 100° |2,302,000,000 |..,................0.0.0eeee 
Didi ereietetarvreieiete sales s\ece 115° **None | 108° **None | 104° FENONE™ |) (oars Wels o.9 oosle clershislote cies neite siete 
Ae 3G dieince hee etre 122° ***None | 104° ***None | 104° EE NOME: |ienscgssaczvovs raretotavee paresis areca ese 

Fermenting capacity.|...... } 4.179 10-10 |... 3.569 10-19 |...... 2.901 10-19 | Compared at 5 days. 


*Too large an initial inoculum, ee : A 
**Dilutions too high to obtain counts, 1-1,000,000, 1-5,000,000 and 1-10,000,000 used. 
***Dilutions of 1-100, 1-1000, and 1-10,000 used. Lactic bacteria considered dead. 


In Table XVIII, at 5 days the unheated filtrate gave evidence of hay- 
ing stimulated the lactic, and the curd in this flask also of having been 
formed for a longer time than in the check flask or in that of Lactone 
plus the heated filtrate. The acid production showed no stimulation by 
the use of the filtrate either heated or unheated; the optimum virility 
was reached earlier in the flasks containing the filtrate. The fact that 
curding was more marked in the unheated filtrate shows that this phe- 
nomenon is caused to some extent by an enzyme. The proof of the pres- 
ence of an enzyme which causes a stimulation of the lactic bacteria is 
shown more conclusively in Table XX under Expt. III. 
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Expt. III. 


The Effect on the Lactic Organism of Varying the Amounts of Heated 
and Unheated Filtrate. 


In this experiment, different amounts of the filtrate heated and un- 
heated were added to milk cultures of the lactic organism. Seven milk 
flasks containing 250 ce. milk each were inoculated with 1 ce. of a milk 
culture of Stock lactic, one of these flasks was reserved for a check 
and to the others was added respectively 1 cc., 5 cc. and 25 ec. of the 
heated and unheated filtrate of the yeast LZ. These cultures were 
plated immediately for the initial counts and as soon as the milk curded 
in any flask this milk with its duplicate in the heated filtrate and the 
check also were titrated and plated; each milk culture as it curded was 
plated with duplicate as above. 

The milk culture containing the lactic bacterium plus 25 cc. of un- 
heated filtrate was the first to curd, that containing 5 ce. unheated fil- 
trate next and that containing 1 cc. unheated filtrate last, neither the 
check culture nor the cultures containing the lactic organism plus the 
heated filtrate curding at all. The results of this experiment are found 
in Table XX. 
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At 17 days the Stock lactic check and the cultures growing in the 
milk containing heated filtrate contained a slight amount of soft curd, 
perhaps 2 mm. deep in the bottom of the flask. 

At this same time the lactic bacteria in the cultures containing 5 ce. 
and 25 cc. of the heated and unheated filtrate are rapidly on the de- 
crease. This might be attributed to deleterious substances other than 
acid, formed by the lactic bacteria from certain principles of the fil- 
trate, but a more plausible explanation seems to be that certain con- 
stituents of the filtrate stimulate the organisms to produce an abnor- 
mally large amount of acid, the excess of which is sufficient to cause a 
rapid reduction of their numbers. Ordinarily the maximum acidity pro- 
duced by the Stock lactic in milk culture is about +40°, consequently 
the acidity of +70° to +90° is sufficient to effect its destruction in a 
short time. 

In Tables XVI, XVII and XIX the disappearance of the lactie or- 
ganisms cannot be attributed alone to the amount of acid present, as 
the difference in acidities between the check cultures and those con- 
taining the filtrate is but slight, not enough to cause the marked 
diminution in numbers which occurred. 


Expt. IV. 


Determination of the Mechanism of the Enzymic Action. 


The next question arising was whether this stimulating power of the 
filtrate was due to enzymic action upon the cell itself or upon the milk 
constituents by means of which they would be changed into a more 
available form for weak lactic bacteria. An endeavor to solve this ques- 
tion was made in the following way: 25 ce. of sterile unheated filtrate 
was introduced in each of 2 flasks containing 250 ce. each of sterile milk 
and left 48 hrs. at room temperature (see Table XX; 25 cc. unheated 
filtrate). One flask was then heated in flowing steam for 5 minutes and 
cooled; both flasks were then inoculated with 1 ec. of a milk culture 
of Stock lactic, titrated and plated every day or so. The milk contain- 
ing the filtrate, upon being heated, curded with a marked extrusion of 
whey, the curd was very tough and hard to break up by shaking. This 
fact may account for the low initial count in this flask; both flasks 
should have had directly comparable initial counts as both the amount 
of milk in the flask and the inoculum were the same in each. These 
data are tabulated in Table XXI: 


TABLE XXI. 
Determination of Mechanism of Enzymic Action of Filtrate. 


Milk + 25 cc. unheated filtrate. 
| 
| 


Age culture. Unheated. Heated. 
ays. 
teres oe —| a a See Ot 
| Acid. | Bacteria per ce. | Acid. Bacteria per ce. 

— — — — _ _ --— — 
or eee a Sivek s Hida eee aon 18,200 | 15° | 3,850 
EEA a ae hen hee ay ae nia tect sR 42° | 493,000,000 | 34° | 415,000,000 
Mad, coe ieaine foc Sec fare san bia Ree ee | 65° | 263,000,000 | 36° | 290 '000 '000 
RAGES tee ee E Tis SIU ae ees ATE ERS LEC nn ekRen ova st ea tube | 88° 276,167,000 | 658° 360 ,000 ,000 


Fermenting capacity at 2 days............0.0.cecccecsseueeses [reer | 15.12x10-19 |... | 14.35 x 10-10 
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From these results it may be assumed that the acid-producing func- 
tion and possibly the fermenting power of the lactic organism is stimu- 
lated by the presence of an enzyme in the filtrate. This may or may 
not be the same enzyme which causes the curding of the milk. 


Bxpt. Vi. 


The Influence of the Addition of Varying Amounts of a Milk Culture 
of the Yeast LZ to Cultures of the Stock Lactic. 


This experiment was carried on for the purpose of comparing the 
effect of a milk culture of LZ upon the Stock lactic with that of the 
filtrate of the yeast (Expt. III, Table XX). 

A 17 day milk culture of the Stock lactic and a month old culture 
of LZ were used. To each of 4 flasks containing 250 cc. sterile milk, 
0.1 ce. of the Stock lactic culture was added; to 3 of these was added 
respectively 1 cc., 5 ec. and 25 cc. of the yeast culture. The milk was 
well shaken up in each case and plated immediately. The plates were 
kept at 37°C. for 48 hours to prevent the growth of the yeast on the 
plates and thus allow the lactic bacteria to be counted in pure culture 
Plates and titrations were made as in Expt. III. 


TABLE XXII. 
Stimulation of Functions of the Stock Lactic as Influenced by Varying Amounts cf a Pure Culture of the Yeast LZ as Inoculum 
Stock lactic, check. Stock lactic + lec. LZ. | Stock lactic + 5 cc. LZ. | Stock lactic + 25 cc. LZ. 
Days. eS — 
Acid. Count. Acid. Count. Acid. Count. Acid. Count. 

eras: stage aksccister ate Ute 6,900 152 5,430 ity 5,970 152 4,300 
Wea sie laretesore eatelcie 5 20° 129 ,000 ,000 OB 275,000,000 | 28° 517 ,000 ,000 BB 807 ,000 ,000 
DEMERS ese See 25e 125,000,000 38° 737,000,000 | 70° 1,145,000 ,000 87° 1,748 ,000 ,000 
ee avers le rssevercva tacevelets 28° 244 000,000 43° 742,000,000 | 74° 1,415,000,000 | 102° 1,695,000 ,000 
Stree Pav tele evataoctors ole 158 ,000 ,000 45° | 470 ,000 ,000 76° 620,000,000 | 110° | 1,240,000,000 
ik A ae eo anaes 28° | *1,048 000,000 54° 429 000,000 73° 191,000,000 | 118° 22,000 ,000 
Va ASS mete Rearetor ore 76° #710 ,000 ,000 65° 290 ,000 ,000 g4° 432,000,000 | 100° 29,850,000 
DO cece ee Reyne 100° 80,000 ,000 84° 683 ,000 ,000 79° 522,000 ,000 91° 423 ,000 ,000 
Fermenting capacity.|...... **10.0610-19 |...... *¥8 046x10-19 |...... **9_305x10-19 |...... | ***11_43 x 10-10 


*Abnormally high counts due to contaminating organisms. ‘These were not taken into account in determining the ferment- 
ing capacity number. 

**Fermenting capacity at 3 days. 
{ ***Fermenting capacity at 2 days. 


The results in Table XXII show that a very marked difference occurs 
when greater or lesser quantities of the yeast culture are added to the 
milk culture of Stock lactic, especially in comparison with the pure 
culture of the Stock lactic. In the pure culture the count per cc., also 
the acidity gradually increases while in the lactic culture plus the 
yeast, the greater the quantity of yeast inoculum, the more rapidly does 
the acidity and the bacterial count rise and the sooner the number of 
bacteria per ce. decreases. From the time that the milk cultures were 
inoculated until the maximum bacterial count was reached the ratio of 
multiplication runs as follows: Stock lactic : Stock lactic + 1 ce. 
yeast culture : Stock lactic + 5 ce. yeast culture : Stock lactic -+ 25 
ce. yeast culture = 0.3 :1 :2 : 4. This ratio of multiplication was 
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determined by dividing the maximum number of organisms by the in- 
itial number. It will be noted that the greatest diminution in numbers 
as well as the highest bacterial count occurs in the lactic culture to 
which was added the largest amount of inoculum of the yeast culture. 
Similar results have been obtained previously with this same organism 
and other lactic bacteria. (See Tables XVI, XVII, XVIII, XIX and 
XX.) 


Expt. VI. 


Determination of the Length of Time that Weak Lactic Bacteria have 
to Grow in Association with the Yeast LZ before their Vitality is 
Restored. 


Along with Expt. V was carried on a similar experiment having the 
following aims, first, to determine how long weak lactic bacteria have 
to grow in association with the yeast LZ before they become typical, 
and second, to determine whether any weak lactic organisms may so be 
rejuvenated. 

The plan of this experiment is essentially that of the former. One 
cubic centimeter of a milk culture of a weak lactic bacterium and 1 ce. 
of a whey culture of LZ were added to 250 cc. of sterile milk, the flask 
shaken well to distribute the organisms and plated immediately using 
dilutions 1-200, 1-500 and 1-1,000. The plates were incubated at 
37°C. for 2 days, then counted, giving colonies of the lactic bacterium 
only. The milk flask containing the yeast plus the lactic organism and 
also a check flask of the lactic organism were kept at room temperature, 
21° — 25°C. As soon as the milk curded in either flask, both the mixed 
culture and check were plated using dilutions 1-2,000,000, 1-5,000,000 
and 1-10,000,000 and the acidity of each recorded. Forty-eight hours 
after curding, plates were again made using the same dilutions and 
the acidity recorded as before; these operations were continued about 
every 8 days afterward. 

Each time plates were made a test culture was made, transferring 
a loopful of the mixed culture to a litmus milk tube and placed at room 
temperature; the time of curding of this culture was noted and when a 
test culture curded in a noticeably shorter time it was plated and pure 
cultures isolated to ascertain whether this characteristic was retained 
in pure culture, successive transfers being made each day to determine 
the constancy of the lactic reaction. I am indebted to Mr. L. M. Huteh- 
ins for the data in the following tables. 

A 5 weeks old culture of Lactone just curded was used in the experi- 
ment tabulated in Table XXIII. 


TABLE XXIII. 

= : ~-—- a tee ee Se eet ee Se 

| Lactone, check. Lactone + 1 ce. LZ. 
Age of culture. ee Remarks. 
ays. | 
| Acid. ! Count. Acid. | Count. 
wll ere ustedes, sume 

Ta pos Selanne PR? slr on nse aa | 36,900 | Check not plated. 

Diese eae Vee ord osenesa'e 62° 603,000,000 | 70° 437,000 000 it sda civintirere's oa wes t/cuns alt wale eee amen meee 

=) eee RS ONE rcs 100° None | 120° 008; 000 000 s/o. deniodcncak Sees Geeemcwd mune cleat seein 


EN Pepe As ey [RE cr entc es fh eee 171889 "Ts deat ‘eseteess| Not plated, 
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A 7 days old culture of Lactone, not curded was used in the experi- 
ment tabulated below, 0.1 cc. being used as an inoculum. 


TABLE XXIV. 
Lactone, check. . Lactone + 1 ce. LZ. 
Age eae a) eee a Te ee Remarks. 
Acid. Count. Acid. Count. 
i. tat ge BD GOR CH CRO ee SE 152 | 83,500 | 15° GAN OOO | ie arenas areielaversst a oparctdia x ovate srormiate laa re 
2. eR Ce SETA bee 39° 1Z0°0005 000) 55S lh as. eee och an ne Check only, plated. 
Gere Roccout te ains all asiee’s 260,000,000 |...... 494,000,000 | Acidity not recorded. 


In Table XXV, 1 cc. of a 9 day old culture of Stock lactic was used, 
culture not curded. 


TABLE XXV. 
Stock lactic, check. Stock lactic + 1 ce. LZ. 
Age of culture. R 
ays. Remarks. 
Acid. Count. Acid. Count. 

Qe reist creates ssrearciers's's NB Pe lhacateveteystokeia te axere 4540 Nee leene crerectePasecroee Not plated. 

igce Oe Ceo oe Sic 113,000,000 | 55° ARO IONOEOOO MISS at Back eee asad ct ees celle casas coe 

Oe Rn note ays eset 40° 134,000,000 | 65° 71337 000 O00 sears cereale the siale See Beal vonve ease aerate 
SLE erred At Rebate sarelees DDe. None | 118° AGS*O00' OOOS |S e tocieccrsice «ice sneret oe Rieter ce ec cetigaeh aes 
En ie ia a.c tole reise mcyeesisne SVigal| weyeerertinee aes s IA leeerta ce cena tee Not plated. 


One-tenth of a cubic centimeter of a 16 day old culture of Stock lactic 
was used in the following experiment. 


TABLE XXVI. 
Stock lactic, check. Stock lactic + 1 ce. LZ. 
Days. ———— — |J__ umé- Remarks. 
Acid. Count. Acid. Count. 

Qa ie tscrs esse eisiira osletiestrase ie 6,900 | 15° MELLO! | Receavee mtnttos a nea aoe sine neks crrapieraee oot ae 
DS ares tale Daou 2be 111,000,000 | 39° G50 F000 O00 MGs ci ronan cosa nto c eee Aaa aaie s aetvacro ee 
OS Sonn Bo OO BEE nant COnOCH Ate acl oetaacn s Scene nre 47° 100,000 ,000?| Acidity and count of check not recorded. 

(iS NR Ree Gora aor ecn ap aoee 174,000,000 }...... 632,000,000 | Acidity not recorded. 


Although an amount of data has been omitted from the four pre- 
ceding tables, the general results are directly comparable with those of 
former experiments. In no case was the rejuvenating influence marked, 
especially in that of the Stock lactic. This organism is presumably so 
weak that a much longer association with the yeast LZ is necessary for 
a restoration of its vitality than in the case of Lactone. 
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Expt. VII. 


Comparison of the Action of Pepsin, of Rennet, and of the Red Yeast 
upon Weak Lactic Bacteria. 


In Expt. IV, it is especially noted that an enzyme is found in the 
germ-free filtrate of the yeast LZ which is identical in its action upon 
heated milk with that of rennet; in the mixed culture, a casein-digest- 
ing enzyme is also present. As rennin hardly ever exists wholly free 
from pepsin and this latter enzyme is proteolytic in action, the assump- 
tion was made that this latter ferment is a pepsin-like body. 

For comparison with the action of these enzymes produced by the 
yeast, a germ-free filtrate each of commercial rennet extract and pepsin 
solution was substituted for the filtrate of the yeast. 

The rennet used was an extract put up by the Marshall Dairy Lab- 
oratory, Madison, Wisconsin, and the label stated that it was preserved 
by the addition of 1% boric acid. Merck’s pepsin, powdered form, was 
used in the proportion of 1 g. to 100 ce. distilled water for the pepsin 
solution. 

Over 100 ce. of each solution was filtered through a sterilized asbestos 
Gooch filter into a sterile Bunsen filter flask. This filtrate in each case 
was bacteria-free. Under sterile precautions each filtrate was trans- 
ferred in about equal proportions to two sterile flasks, one of these 
boiled for about 5 minutes over a free flame, the other left unheated. 

The experiment tabulated under Table XX was duplicated with the 
heated and unheated rennet and pepsin filtrates. One-tenth cubic cen- 
timeter of a 10 day old culture of Stock lactic (not curded) was used 
in carrying on these two experiments. In addition to the methods 
stated in Expt. III, 10 ce. of unheated rennet and pepsin filtrates were 
each added to a flask of sterile miik, as checks. 
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Within 24 hours after adding the rennet extract to the sterile milk, 
the milk in all flasks to which the unheated rennet filtrate had been 
added showed digestion, the amount corresponding directly to the 
amount of inoculum. At this time, a slight digestion was also noted 
in the flasks containing 5 ec. and 1 ce. heated rennet extract and after 
8 days the 25 cc. heated rennet extract had begun a decomposition of 
the casein. The only explanation for the digestion of the milk in the 
fiasks containing the heated rennet solution is that during the boiling 
over the free flame the coagulated albuminous substance of which there 
was an abundant precipitate, enclosed the enzyme, protecting it from the 
destructive action of the heat. 

In this table it will be remarked that the varying quantities of germ- 
free rennet extract added to the milk have no effect, either upon the 
number of organisms per cc. at the end of 1 and of 8 days or upon the 
amount of acid formed, i. e., the germ count per cc. of the heated rennet 
filtrate at the end of 24 hours is 646,000,000, 506,000,000 and 478,000,000 
while the corresponding acidities are 34°-+, 37°+, and 36°-+; of the 
unheated rennet, 798,000,000, 852,000,000 and 682,000,000 with corres- 
ponding acidities of 45°-++, 44°+ and 44°. This same relation of 
acidities is noted at the end of 8 days, the germ count at this time is 
also comparable. This data is in direct contrast to that obtained from 
varying the amounts of filtrate (see Tables XX and XXI) or of pepsin 
solution. (See following table.) 

The heated rennet in all cases seems to have a markedly less stimula- 
ting effect upon the lactic bacteria both in regard to multiplication and 
acid production than the unheated rennet. In this respect the results 
obtained are comparable with those from the experiments with the 
filtrate and with the pepsin solution. (See Table XXVIII.) 

A glance at Table XXVIII will show the striking similarity between 
the action of the germ-free pepsin solution and that of the filtrate of 
LZ. (Compare Table XXVIII with Table XX.) 

In the foregoing experiments, it would seem that the rennet-like 
enzyme produced by the yeast LZ is responsible in great part for the 
stimulation of the reproductive activity and acid production of the 
lactic bacteria and that the presence of the pepsin-like enzyme retards 
this stimulating effect as proportionate quantities of it are present. 
Comparing Tables XXVII and XXVIII, a greater number of organisms 
and larger quantities of acid are present in the rennet experiment than 
in that of the pepsin. The results in Table XX are most similar to 
those in Table XXVIII. 

Although the action of the filtrate upon the weak lactic bacterium 
resembles that of the pepsin solution there is a difference in the ap- 
pearance of. the milk in the two sets of flasks. The milk to which the 
Stock lactic and unheated pepsin solution were added shows markedly 
the characteristic peptic digestion while the milk to which the Stock 
lactic and unheated filtrate were added apparently shows only the 
shrinking of the curd and extrusion of the whey, it being difficult to 
determine the presence of a casein-digesting enzyme from the mere 
physical appearance of the milk. 


445 


BULLETINS. 


EXPERIMENT STATION 


“shep Gg qe Aqlovdvo Suijuame]y 


oO x 19°60 
000's¢z'9 | GOT 
000° 000° 982 098 
000'000'9F9 | o 8 
000‘000'1F9 | ol 
00s" TL | off 
‘gunog | “ploy 
*“peyeoquy) 


or-01 X £9°S 
“*“pazyeUulUlEzdO/ 
000‘ 000° SF 
000‘ 000'9z¢ 
(00‘000'1ZS 
G08'9L 


“qunop 


‘payroy 


“uisdad *90 og + 9198] H00}g 


on 


“Ply, 


o-01 X.09°6 
000'028'96 oF6 
000'C00°SL — | cL 
G00'C00'S6E | 098 
CCO'C00'Z9F =~ | ol E 
CC0'C8 ofl 

“"gunog ‘ploy 
“poqeoqay 


or-O1 X, 6L°9 
(00° 00¢* 06F 
000° 000! 242 
000‘ 060! 82z 
(00'000' 902 
cos‘ og 


“yung 


“‘payeoHy 


‘uisdad *99 Gg +4 9140R] 4904 


099 
off 
06S 
o8G 
off 


ON 


oor xer6 [oc 
goo'oss‘9ct | 686 
G00'000'208 | ol$ 
GO0'000'SIE | oF 
000‘000'0E | 09% 
goe'Ze ofl 
“qunog "PIV 
“payeoquy, 


‘uisded *09 T + onary] 49039 


or-0E X.608°F 00 

000° 02" ¢F off 

060'000'IZE | 08% 

000'000'29E | oF% 

000‘000'LIE | 00% 

008" 8h ofl 
“gunog "prov 

“payee 


or-0L X 99°F [tot] -APoRdeo “zag 
000; OLF' ST Ba eae = 
000‘ 000° 161 ig 
000 000 OLT occ S9Q00RR 0009718 
000 000 96T el (ORO ESCOY 4 
000° ZIT cop fees 10 
‘gmog ‘ploy 
“sAB 
Eick): (0) *gangjno 
jo osy 
“O1ZOR] 4904S 


-uoynpog wsdag aaif-uiar sngd oyav) yoo) 


WIAXX GTAVL 


446 STATE BOARD OF AGRICULTURE. 


Table XXIX gives a summary of Tables XVII to XXVIII; the age 
of culture, acidity and number of organisms which were employed in 
ascertaining the fermenting capacity of the lactic bacteria in Tables 
XXIII to XXVI inclusive are omitted as the data therein is incomplete. 


TABLE XXIX. 
Summary of Tables XVII to XXVIII. 


Pa = Mae | eS , 
5 -=.. | Number of organisms per ce. e 
= ree] our 
Table. Culture. Es Nae) fermentiag 
3s | 35 P : capacity. 
2, ES Initial. Maximum. 
< = 
XVII | Stock lactic, check...... 9 days 31° | 342,000 117,000,000 | 4.81 x 10-10 
| Stock lactic plus filtrate. ..| 9 days..| 46° 301,800 360,000,000 | 3.66 x 10-10 
VILE}: Lactone, check:2 5.05.0. 0. Oe-4 de on uae tee 7 days..| 72° | 65,800 457,000,000 | 11.26 x 10-10 
Lactone plus heated filtrate.................-- 5 days..| 67° 68,700 499 700,000 | 10.01 x 10-10 
| Lactone plus unheated filtrate................. | 5 days..| 68° 97,800 811,000,000 | 6.38 x 10-10 
EX tram Nowe check=; 2. co.cc cccdee se acnn deacecl 5 days..| 110° | 1,011,000 | 1,847,000,000 | 4.18 x 10-10 
No. 4 plus heated filtrate. .............000000. | 5 days..| 101° | 793,000 | 2,048,000,000 | 3.57 x 10-19 
No. 4 plus unheated filtrate................... 5 days..! 100° | 1,615,000 | 2,302,000,000 | 2.90 x 10-10 
ens | Stock lnetic: ‘check; (a8 <Secc See sacs sce an 117 days..| 40° | 176,000 365,000,000 | 1.40 x 10-10 
Stock lactic plus 1 cc. heated filtrate........... '17 days..| 44° 211,500 398,000,000 | 1.50 x 10-10 
Stock lactic + 1 ce. unheated filtrate.......... 17 days..! 54° | 101,500 172,000,000 | 4.82 x 10-10 
Stock lactic + 5 cc. heated filtrate............. 3 days 24° | 305, 500 204,000,000 | 2.28 x 10-10 
Stock lactic + 5 cc. unheated filtrate.......... 3 days 30° | 29,100 | 263,000,000 | 5.43 x 10-10 
Stock lactic + 25 ce. heated filtrate............ 2 days..} 23° | 59,000 110,000,000 | 7.41 x 10-10 
Stock lactic + 25 cc. unheated filtrate......... | 2 days..| 34° 27,200 485,000,000 | 10.31 x 10-10 
XII | Stock lactic + 25 cc. unheated filtrate......... 2 days..| 42° 18,200 493,000,000 | 15.12 x 10-10 
Stock lactic + 25 cc. heated filtrate............ | 2 days..| 34° 3,850 415,000,000 | 14.35 x 10-10 
SOUND toek lachic checks ctcon os tote eetaceiaoeree el | 3 days..| 28° 6,900 244,000,000 | 10.06 x 10-19 
[stockilactie > Wea ia cise ect cccvieninasee=s 3 days..| 43° 5,430 742,000,000 | 8.05 x 10-19 
Stock Jactic + 5.c0. DZ. os sone eece 3 days..} 74° 5,970 | 1,415,000,000 | 9.31 x 10-19 
Stock. lactic: += 2b ices lids 2). acters. aiejan auiciesece 2 days..| 87° 4,300 | 1,748,000,000 ; 11.43 x 10-10 
SOX VIL | StockJactic checks. os cos<09,oaretce reecenes iday,..| 182 31,200 120,000,000 | 11.16 x 10-10 
Stock lactic + 1 cc. heated rennet............. lday..| 34° 68 , 600 646,000,000 | 14.56 x 10-10 
| Stock lactic + 1 ce. unheated rennet........... lday..] 45° | 86,000 798,000,000 | 18.58 x 10-10 
| Stock lactic + 5 cc. heated rennet............. 1 day..} 37° | 37,000 506,000,000 | 22.40 x 10-10 
| Stock lactic + 5 cc. unheated rennet........... lday..| 44° 44,800 852,000,000 | 18.14 x 10-19 
| Stock lactic + 25 cc. heated rennet............ lday..| 36° 31,900 478,000,000 | 22.85 x 10-19 
| Stock lactic + 25 cc. unheated rennet.......... 1 day. ‘| 44° 73,500 682,000,000 | 21.01 x 10-19 
REX VEE | Stockilactic’ cliecks. .27. == teas oact en ce cere 5 days..| 25° 112,000 170,000,000 | 4.66 x 10-10 
Stock lactic + 1 ec. heated pepsin............. 5 days..| 24° | 43,800 167,000,000 | 4.81 x 10-10 
Stock lactic + 1 cc. unheated pepsin........... 5 days..| 44° | 32,300 315,000,000 | 9.15 x 10-19 
| Stock lactic + 5 cc. heated pepsin............. 5 days..| 32° | 50,500 228,000,000 | 6.79 x 10-19 
Stock lactic + 5 cc. unheated pepsin........... 5 days..| 56° 80,000 393,000,000 | 9.60 x 10-10 
| Stock lactic + 25 cc. heated pepsin............ 5 days..| 46° 76,800 526,000,000 | 5.63 x 10-19 
Stock lactic + 25 cc. unheated pepsin.......... 5 days..| 78° 71,500 646,000,000 | 9.61 x 10-10 


The fermenting capacity of the pure cultures of Stock lactic varied 
from 1.40><10-7 to 11.16><10-"°.. The number of days for this bacterium 
to reach its maximum number of organisms varied from 1 day to 17 
days with corresponding acidities of +18° and +40°. 

The fermenting capacity of Stock lactic plus 1 ce. of unheated filtrate 
was 3.66X10-' and 4.82X10-'°; plus 1 ce. LZ, 8.0510-° plus 1 ee. 
unheated rennet filtrate, 18.5810-'° and plus 1 cc. unheated pepsin 
filtrate 9.15>10-°. These results being comparable, the unheated 
rennet extract possesses by far the greatest stimulating power for acid 
production, while that of the living yeast is comparable with that of 
the pepsin solution. 

Table XXX gives the fermenting capacity of the Stock lactic in pure 
culture and as influenced by different stimulants. In each case, the 
number given in each column is followed by the expression “>< 10-7°.” 
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TABLE XXX. 
The Hourly Fermenting Capacity of the Stock Lactic as Influenced by Different Stimulants. 
Stock lactic + heated Stock lactic + unheated 
Stimulant. Stimulant. 
Stimulant. Lactic, check. be 
| | 

lee 5 ce 25 ce lee. | 5ee. 25 cc. 
ORB bertiiadedsnecr ence ttemene rs LDU pened Sc eaenicial (Grid no SES 5ch ISEReC oe rae 8.05 | Osteo 11.43. 
i prateeeetrn ith cae caret eee mele at 1.40 1.50 2.28 7.41 | 4.82 5.43 | 10.31 
LETS. 258 Seo ne eS te GB roe qOBGe 4.66 4.81 6.79 5.63 9.15 9.60 9.61 
HUONNOG sisters ernie rc ceva a chosicotarajoree ee 11.16 14.56 22.40 22.85 [S58 ele iseieee ly 2ia01 

: | | 


From the above table, it may be concluded that the fermenting ¢a- 
pacity of the Stock lactic is about doubled by the use of 5 ce. or 25 ce. 
of unheated or heated pepsin or rennet filtrate. This does not appear 
when the yeast is used nor is the action similar in the presence of the 
filtrate. This last stimulant seems to have an action peculiar to itself. 
It will be noted that there is a gradual increase in the fermenting ca- 
pacity as a greater amount of filtrate is added; this is true in both the 
heated and in the unheated filtrate, and it will also be noted that the 
unheated filtrate possesses more stimulating power than the heated as 
the inoculum is increased. Whether this would be duplicated in a 
second experiment cannot be stated. 


SUMMARY AND CONCLUSIONS. 


1. Certain acid-reducing yeasts have the property of retaining the 
vitality and activity of lactic bacteria over a period of a year or more 
when grown with them in mixed culture in milk or in whey. In the 
case of the red yeast, the acid-reducing property does not appear to be 
its chief function. . 

2. It is possible that a weak lactic be “rejuvenated,” i. e., have its 
vitality increased by continued association in mixed culture with the 
yeast LZ, an acid-reducer. 

3. This rejuvenating property of the yeasts is due in part to the acid- 
reducing function, in the case of yeast LZ partially also to rennet and 
pepsin-like enzymes produced by the yeast. 

4. One of these enzymes at least is extracellular in old cultures; 
the rennet-like enzyme and probably the pepsin-like enzyme were 
separated from yeast LZ by filtration. 

5. Although it was difficult to determine the presence of the pepsin- 
like enzyme in the filtrate by means of its visible action on the milk, 
the stimulating action of the filtrate is directly comparable with that 
of the pure pepsin solution. 

6. The pepsin-like enzyme is the one which stimulates the curding 
function of the lactic bacteria although at first it was suspected that 
the lactic organisms in some way caused the rennin in the filtrate to 
act more quickly. This seems to be proved conclusively by the results 
in Table XXVIII. 

7. The question was raised as to whether the enzymes acted upon the 
milk constituents and thus indirectly upon the lactic bacteria, or 
whether the influence was immediately upon the lactic bacteria. It 
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was ascertained that the rennet enzyme in the filtrate acts in part upon 
the milk constituents (see Table XXI) but the most marked action of 
the filtrate is upon the lactic bacterium itself; two principles of the 
filtrate are concerned in this, one destroyed and the other not destroyed 
by heat. The former is most likely the pepsin-like enzyme or the com- 
bined pepsin and rennin and the latter, certain food principles, possibly 
peptones, produced by the yeast which are not changed by heating. 

8. As commercial rennet is never wholly free from pepsin the re- 
sults in Table XXVII could not be used to refute the immediately pre- 
ceding statement. 

9. The influence of the filtrate upon the virility of the lactie bac- 
terium increases directly as the amount of filtrated inoculum is in- 
creased; this is true in the heated as well as in the unheated filtrate. 

10. The filtrate both heated and unheated has a marked stimulating 
effect both upon the virility and upon the acid production of weak lactie 
bacteria. This results in the rapid dying-out of the lactic bacteria in 
the cultures to which the yeast filtrate has been added. This dying-out 
of the lactic organisms may be due to the exhaustion of vital force fol- 
lowing the overstimulation caused by the presence of the filtrate. Again, 
this effect may be attributed to the fact that the organisms have been 
induced to produce nearly double their usual amount of acid and as 
a consequence have become hypersusceptible to their own products. 
This latter theory is in all probability the correct one although the two 
cannot be distinctly separated. It follows then that a weak lactic bac- 
terium will live much longer in pure culture in milk if no stimulant is 
added or if acid formation is prevented. 

11. The hourly fermenting capacities of the weak lactic bacteria as 
summarized in Tables XXIX and XXX show that the presence of the 
yeast filtrate, of the pepsin or of the rennin solution causes an increase 
of the fermenting power to nearly double that of the check. 

12. The yeast used in most of the experiments in this article was the 
red yeast “LZ” present in the original culture. This was used almost 
exclusively, for several reasons: the pigment produced renders the pres- 
ence of this yeast easily discernible to the naked eye; the macroscopic 
appearance of the mixed cultures of this yeast with lactie bacteria is 
characteristic; soon after the yeast appears a symmetrical shrinking 
of the curd occurs, the curd later becomes wholly digested leaving a 
perfectly clear whey and a plentiful deposit of red yeast cells; this 
organism does not grow well on ordinary agar and is very susceptible 
to a temperature very much higher than room temperature; this sensi- 
tiveness to high temperatures rendered it possible to plate mixed cul- 
tures of LZ and a lactic bacterium and obtain counts of the lactic 
organism alone, simply by placing these plates at 37°C. for 48 hours. 

13. The fact that this red yeast is a strict aerobe and lactic bacteria 
are facultative, preferably anaerobes, accounts in all probability for one 
phase of the beneficial associative action. 

14. It was proved quite conclusively that the acid introduced arti- 
ficially or produced naturally in milk or whey is destroyed by the yeasts, 
not merely neutralized. 

15. After sojourning for some time with the different yeasts, the 
several lactic bacteria were isolated and tested to ascertain whether 
the flavor of the curd had been changed. These cultures were com- 
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pared with the original pure culture and no change had been effected. 

16. It is noteworthy that the mixed cultures which have become con- 
taminated with molds or other bacteria and yeasts have not lost their 
power of retaining the vitality of the lactics except in one instance. 
Foreign organisms seem to have no appreciable effect on the lactic 
bacterium and the yeast after the symbiosis of the latter had once been 
established. 

17. In the case of the mixed culture of the yeast LZ with different 
lactic bacteria, the lactic bacterium, even a very weak organism, has a 
chance to produce its maximum amount of acid before any appreciable 
acid destruction can take place. 

18. The high-acid-producing organism, No. 53B2, unlike Bact. bul- 
garicum’and ordinary lactic bacteria, survives a long sojourn at its 
maximum acidity (in the neighborhood of +280°). The red yeast grows 
most difficultly with this lactic organism. 

19. The red yeast LZ produces several enzymes and other substances 
which when the yeast is growing in combined culture with a lactie bae- 
terium, stimulate the lactic organisms to greater activity causing the 
production of a greater number of cells and a larger quantity of acid 
than would be produced normally in pure culture. This process of 
stimulation if continued over a period of several months causes a weak 
lactic to increase its activity until it becomes a typical lactic organism 
in regard to its power of producing acid, causing litmus reduction and 
curding milk. The required time for rejuvenating naturally varies with 
the individuality of the culture, sometimes 3 weeks, sometimes 3 months 
cr longer of symbiotic relationship being necessary to effect the muta- 
tion. 

20. In order that the lactic bacterium obtain the most possible bene- 
fit from the yeast, the yeast itself must be present in the medium with 
the lactic organism. The several products of each organism appear to 
attain an equilibrium which is similar to and comparable with that 
reached in strictly chemical reactions. This equilibrium is happily 
destructive neither to the lactic nor to the yeast within the periods noted. 

21. Many of the above statements are corroborative in their kind, of 
the conclusions drawn in “Bacterial Associations in the Souring of 
Milk” by Marshall and Farrand, concerning the associative action of 
other bacteria with lactic organisms. 

22. This phenomenon of associative action in time may solve the 
problem of keeping other short-lived organisms almost indefinitely with- 
out frequent transfers. 

Further studies are being undertaken dealing with other phases of this 
interesting problem. 
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THE BACTERIAL ACTIVITY IN SOIL AS A FUNCTION OF GRAIN 
SIZE AND MOISTURE CONTENT. 


Technical Bulletin No. 16. 
BY OTTO RAHN. 


INTRODUCTION. 


The discussion concerning the best method for determining the micro- 
bial efficiency in soils has entered a new stage since Stevens and Withers* 
demonstrated by several series of experiments with different types of 
soils that there is no direct relation between the microbial activity in the 
soil and in the extract of this soil or in a similar nutrient solution 
Stevens and Withers are not the first ones to advocate the use of soil 
rather than liquids for soil bacteria. Practically all work coming from 
the soil-bacteriological laboratory in Goettingen has been done with soil 
in its natural condition. But we owe to Stevens and Withers the experi- 
mental and conclusive proof that biochemical changes in soil and in 
solutions inoculated with soil give not the same and not even comparable 
data. There is no definite relation between the two, and no constant 
factor will allow of the computation of one datum from the other. 

The object of this paper is the study of the physical factors in the soil 
causing a different development of micro-organisms in soil and solution. 
Three soil properties can be predicted a priori which are probably of 


noticeable influence: , 


1. The water content. 

2. The actual soil surface giving opportunity for absorption; and 

3. The surface of the soil solution giving opportunity for the ex- 
change of gases. 


That physical soil properties have a great influence is, of course, known 
through many experiments. However, the relations have never been 
studied systematically. For a systematic investigation of the influence of 
physical soil properties, it is necessary, above all, to exclude chemical 
influences. This can be accomplished with certainty only if the soil 
is substituted by an absolutely insoluble material, such as quartz sand. 
It is further necessary to work with pure cultures, to avoid uncon- 
trollable complications. 

While pure cultures and quartz sand have been used by several bac- 
teriologists, this paper varies in one way distinctly from the general 


*Stevens and Withers: Studies in ae Bacteriology. 
I. {Centralbl. f f. Bakt. II Abt. Bd. 23, p. 35 
aye « BY ZaetDe oe 
III. s a Bd. 125, p. 64. 
IV. ¢ s Bd.'27 Sp. 169. 


452 STATE BOARD OF AGRICULTURE. 

procedure in soil bacteriology, because it gives the bacterial development 
at various time intervals, emphasizing the early period where the most 
rapid changes take place. The writer has tried to point out the advisa- 
bility of this in a paper concerning the usefulness of curves.* It may 
be stated here that some of the conclusions in the present paper would 
have been lost entirely if not all stages of bacterial development had 
received equal attention. 


The paper is divided into four chapters: 

I. The extensive experiment covering the ammonia formation by 
B. mycoides, in five different soils, three different sands, in so- 
lutions and soil extracts, and the interpretation of the data. 

II. A more detailed study of the mechanism of the ammonia pro- 
duction. 

III. Experiments with other aerobic bacteria; and 

IV. The requirements of anaerobic organisms. 


I.~—Bacittus Mycoipes IN Sorts, SANDS AND SOLUTIONS. 


Object—The first and largest experiment shows the ammonia forma- 
tion from peptone by B. mycoides in various media. Five different soils 
were used, namely, surface soil and subsoil from field 11 of the Experi- 
ment Station farm, two soils from adjacent fields, but of a widely dif- 
ferent fertility, and fresh, brown peat from a swamp north of the college. 

To compare these soils at the same moisture content would be unreason- 
able. To compare them at 14 or %% of their water capacity, as Stevens 
did, is far better, yet arbitrary. The best results could be obtained only 
by testing each soil at various moisture contents and comparing the 
optimum conditions. This increases the extent of the experiment very 
much, but it was accepted as the least objectionable policy. 

The amount that could be handled in one series was two soils at five 
different moisture contents and a quartz sand check, also at five different 
moisture contents, making a total of 30 distillations for each determina- 
tion on account of the duplicates. All soils have also been tried with. 
and without “fertilizer,” i. e., potassium phosphate and calcium 
chloride. 

Method.—The soils were air-dried, and the moisture content of the air- 
dry soils was determined by drying at 105°. The sands were heated with 
diluted hydrochloric acid, washed several times, first with tap water, 
then with distilled water, and then dried at 160° C. 

The amount of soil corresponding to 50 g. of oven-dry soil was caleuw 
lated and the corresponding weights were filled into liter flasks, 12 flasks 
for each moisture content of each soil to allow six duplicate determina- 
tions at different times. Since the experiment was to be carried on with 
strictly pure cyltures, it seemed not advisable to keep all the soil of one 
kind in one container taking a sample of it whenever a determina- 
tion was made, as this is generally done with non-sterilized soils. It 
would be almost impossible to avoid a contamination. It became, there- 
fore, necessary to weigh out, sterilize and inoculate separately each lot 
used for a single determination. This complicated the experiment very 
much, since it required for duplicate determinations on six days for each 


*Technical Bul. 5, (1910), Mich. Agr. College Exp. Station. 
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soil at five different moistures 5 x 12—60 flasks to be weighed out, steri- 
lized and inoculated separately. This amount allowed duplicate deter- 
minations at five different times and one duplicate set of blanks. The 
peptone, 0.5 g. per 50 g. of oven-dry soil, was mixed with the soil before 
weighing out the individual sample, also the water in all cases where the 
soils were not too moist. The samples, each corresponding to 50 g. 
oven-dry soil, were placed into liter flasks, sterilized at 15 pounds pressure 
for 20 minutes, and stored in a room with a constant temperature of 18° 
until all the flasks for one set had been sterilized. They were then in- 
oculated with 1% cc. of a 24 to 48 hours old culture of B. mycoides which 
had been transplanted in regular intervals in peptone solution. The 
culture was distributed in the soil by shaking as well as could be done; 
while it was not difficult to accomplish this with the sands and part of 
the soils, others contained enough loam to cake and the distribution 
seemed rather irregular. All the cultures were shaken again after one 
day’s growth. 

The ammonia in these cultures was determined after two, four, six, 
ten and twenty days by distilling it over with water and MgO into n/10 
acid. Bacterial counts could not be made in this series, for lack of 
time, since the 380 distillations (three soils at five different moistures in 
duplicates) occupied practically a whole day. In some of the later ex- 
periments bacterial numbers and ammonia have been determined at the 
Same time. 

Data.—Table 1 gives all results of this first experiment. They are 
given in ce. n/10 ammonia per 50 g. of dry soil, after subtraction of the 
ammonia in the blanks. Instead of recording each of the duplicates as 
it was found, it seemed preferable to give the average of the two and the 
deviation. Thus, if the reading of the table is 7.2 cc. and the error 
--+0.10, it means that the two determinations gave 7.1 and 7.3 cc. This 
way of recording allows a more ready comparison of the data and of the 
deviations by themselves. 

This entire experiment with nearly 1,100 single determinations has 
been carried out by Mr. L. R. Himmelberger, to whom I am much in- 
debted for this mass of data. 
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TABLE I. 


Ammonia Formed by B. mycoides in 50 g. of Soil. (Expressed in cc i) 


Series I. 


21 days. 


11 days. 
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Series IT. 
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Series III. 
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Series IV. 
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Series V. 
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Series VI. 
2 days. 4 days. 6 days. 11 days. 21 days. | 
——— ees eae 
| | Fd 
| } irror 
g |ce— | Error| cc | Error| cc | Error| ce-~ | Error|ec-= | Error) + 
Shee) | ace | lO chanelle AO | 10 | 10 
2 NHs NH3 NH3 NH3 NH3 
ie | ue 
— —— == aa —— 
} 
Peptone solution................- bes eeeh 1.4/0.35 | 2.6] 0.05 | 3.7 | (4.5) | 4.3 |0.40} 6.9 | 0.15 | 0.24 
{| 10% 3.5 | 0.10 | 4.2/ 0.10} 6.5 | 0.35) 7.0 0.10} 8.2)0.15 | 0.16 
Waarea Bande 5.5. cite cores srarelS/sisieieys | 15% 4.2/ 0.10} 4.9] 0.05 | 7.8/0.85 | 8.5 | 0.25 | 9.1 | 0.10 0.17 
20% | 3.6 | 0.05 4.0 | 0.20 | 6.3 | 0.30] 7.7 | 0.05 | 8.0 | 0.05 0.13 
Si sYerehs,<}]isyeisisiets QSOS Berrie O22) Ilse cccese: Oscar etemrereltl Oe ler sere (OBL OM Osa 
{| 10% 1.4 3:8 | 0.20)) 5.5 | 0:20) 7.1.) 0:10.) 8 | 0.25 | 0.18 
Metinnsand 15% 3:1 | 0.10 | 5.8 | 0.15} 6.4 | 0.15 | 8.2 | 0.05 | 8.9} 0.25} 0.14 
WIRE OOC OOS Cran 20% 3.0 | 0.10 4.9 | 0.15 6.5 | 0.10 8.5 | 0.30} 8.9 | 0.15 | 0.16 
25% 2.4/0.15 | 4.2) 0.65) 5.4] 0.40) 9.1 | 0.10} 9.5 | 0.15} 0.29 
| 
Fe) dla eee al ae | Soe Le i ee | | 
ae ease 0.13 |......| 0.29 |......| 0.21 |......] 0.14 1......] 0.20 | 0.19 
ee ee ee ee ee 
15% | 0.8 | 0.15 1.2| 0.10) 3.6]0.15| 3.8/0.05| 4.3]0.15| 0.12 
Fine’ sand 20% | 1.1) 0.10| 1.6|0.15| 4:0) 0.15) 4.1] 0.10} 4.8 | 0.05| 0.11 
ear oe Raa ak eee as 25% 2:9 | 0.20.) 5.1 | 0.15') 6.4.1) 0.05 | 6.8 | 0:10) 7.8 | 0.10 | 0.12 
30% 1.4 | 0.10] 2.9] 0.25) 4.4} 0.15 4.8 | 0.10 | 5.9 | 0.05 | 0.13 
Se arereralltsenye es Qe eeyeerscle OSA GE face] MOS) Ile sere «pe: |) LOD) Ieeaner.]) 0209. OEL2 


Average Errors.—Since these data will be used for a very extensive 
discussion, it is necessary to realize how large the probable error is in 
order to avoid conclusions which have no other basis than an analytical 
error. Of the 540 duplicate determinations, only seven showed such a 
difference that they were excluded from the averages, or rather that only 
the probable datum was taken while the other one was discarded. There 
are three in series iii.; three in series iv.; and one in series vi. They are 
considered by the author as due to contaminations or incomplete sterili- 
zation, though no proof can be given, since the deviation could not be 
discovered until the distillation was finished. The grand average error 
of all other 533 duplicates is -0.25 cc. of n/10 NH,. The averages are 
simple arithmetical averages; the method of the least squares was not 
used because of the amount of work involved. 

The error is largely due to the analytical method, and only to a slight 
degree dependent upon variation in the microbial growth, since it in-- 
creases but very little with the increasing amounts of ammonia. 


Average Error of All Determinations. 


2 4 6m | 510 20 
days. | days. days. | days. days. 


- 


Pearo sian’ caridsi-) ij) th occa cde ode Shae eae wis Ha weet 0.22 | 0.26 | 0.23 | 0.29 | 0.31 
FOB OLIUIONISI: > srcczioicte.cie sti okate See ool etn Gkelsl eitinis STO Ses aes evenehols 0-18 | 0.17) 0.16 | 0.34 | 0.24 
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The increase from 0.22 to 0.31 and from 0.18 to 0.24 (0.34) is very 
slight in comparison with the increase of ammonia, which is about four 
to five times as large after 20 days as it is at two days. The 
error due to a variation in culture is only (0.31—0.22)—0.09 ce. in soils 
and sands, and 0.06 to 0.16 cc. in solutions, which compares very favor- 
ably with the analytical error, 0.22 and 0.18 ce. respectively. The de- 
velopment of duplicate pure cultures seems to be quite regular in soils as 
well as in solutions. It must be remembered, however, that the culture 
had been grown for many generations in the standard peptone solution, 
and was more homogenous, perhaps, than the ones employed in most 
laboratory experiments. 

A comparison of the average error of the different series shows a con- 
tinuous decrease. 


Series if i i IIT. IV. Wes NEE 
Average Error 0.85 0.81 0.27 - 0.24 0.20 0.18 


Whether this is due to an improvement in the technic or to a more 
complete acclimatization of the culture cannot be stated. There was a 
difference of about three months between the inoculation of the first and 
last series, and during all this time and about two weeks previous to the 
first inoculation the culture had been grown in peptone solution. ~ 

The average error is also a good test for the even distribution of bac- 
teria in soils. The average error of the different soil types compares as 
follows: 


AVERAGE ERROR OF DIFFERENT SOIL TYPES. 


All Quartz Sands’. >. .\. 0 siccdsisiec wae crass = 052400: GAINSOTNS [Asc ioiec. oeree in nieve ie eisiols eee s +0.23 ce. 

@Alljsuridee soles. .2). . osveesoctectele 412 +0. 83ice2) (All solla Bt. oe hsb acs Jeo eee «eae +0.38 ce. 

PAULSUDSOIS 2.6 1o/8 necgala ais vide ete oben es O20icex All eaten. aot uictrelstasigin= ete since saat +0.25 ce. 
HATES SOMIGIONS <crsyeratey ol chesesenes sy eta eraca loveless +0.22 ce. 


Evidently Soil B gave the greatest difficulties in mixing and in dis- 
tributing the bacteria, while Soil A and the sands allowed an almost 
perfect mixture, being nearly equal to that in solutions which must be 
considered perfect. 

The conclusions from the errors are made a little doubtful, however, 
by the results of the last series, where the average error of the fine sand 
cultures is smaller than that of the coarse and medium sand cultures. 
This is greatly improbable since it took much shaking to distribute the 
inoculum in the fine sand, while in the coarse and medium sand no diffi- 
culties were found. 

Variation Between the Different Series—While the duplicate deter- 
minations of the same series check quite closely, there is a considerable 
deviation in the development of the same culture in the different series. 
This comes partly from the variations of the ammonia in the blank de- 
terminations which is subtracted from the ammonia found in the cultures. 

Sut that alone does not account for the difference, and it must be as- 
sumed that other factors, as yet unknown or at least beyond control, 
leave their trace in the variation of the cultures. The cultures in pep- 
tone solution and in medium sand carried on in each series give the data 
for comparison. (Table IT.) 
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TABLE II. 
Ammonia Formed in 60 g. of Sand. (Compiled from Table I.) 


| 
Ny ee 2 4 6 10 | 20 
Series. Moisture. | gays, | days. | days. | days. | days. 
| 
ii od RASA RP Real Be a te a HO | L.28\ Ler 3.8. Be 1.8 
| 
TNA Pos hie cc oho ty diayal sa cia Geis alee laleleteesrt tut 10% Due 4.6 4.8 Sale| 2429 
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RIES edicts), 28. Sede ha Pees RY LO le fae |) Sh8 bsg | 7-4 7.8 
her A Re ee 10% | 2.6} 4.0| 4.6] 5.7] 6.5 
Beh cre ek ig OR es ack on 15%, | 2.3) 4:7 | “e.2"| BeBe) awe 
Fil. a oc Agta PY AAs Se, Sea ACE es Use| aoe | 5-2 | os lezen) aves 
oy 7s ONAN bron ON I 2 Ea Da a a CO 15, [eek sar 4. al Soret eemes 
op 2” SAC ie aia Ake RR as i5% | 3.2| 5.4| 6.5] 8.2] 9.0 
! 
LNT KSTRIEE Gs 6 cares DIO AD GO DGD DIDUTLL DLT OO OD oo Fo 15% 3.0 4.7 5.4 7.0 hed 
EGR RY Fr ee he yk ccm Hass 20% | 3:4 |°4:8 | .6.0,| *6.2)| 9751 
FAILS SOR eee ea cei i a SOs eaeg ol 14°) Olle aS) 2004 
THihe Boe PERE UORe RIC CY Ege OTS 5 NU CE ri te meen a 20% | 2.6| 3.5| 3.6| 6.6 | -10.0 
TTT 2 SR aig a i ra rea O07, 1 304 I Bieel 628 11.8. Zell ales 
ore. set NNL) GU ep an ais 3Ct ber OSS: OT eto |? aie | S64 s.a i Bes 
/NSTES i Os Go cle BUC OOo s Sabo On OIRO Ue OrOD On 20% 3.3 4.7 6.0 7.6 9.4 
SS ~ | 
HIRANO A eh 0b Peay) 9 ence N00 ho) dehy Otte SRV VS a5e7 Ikea onl Cl sulbneullikeverh) oed 
NRT rn ee ets Coe Deel elise se5) || ear TsO) lueaeSEG 
SF OO TSERG Coky SE ok 20a EE TOC SIRS te alae in OSEE 25 Oo) |p alienasonl isl 4 Pag it 9.5 
(StF hag Aa oe aol aes ia Deal Oye AeOe 5.90 rae 9.1 
7. Eee ee eee OLS a( ee Sole Sal saSh leans 
TIPE Rae res tune Ueah SE ge ret e ES (ee! ores fee in| Ben 
Withee Shp a ottoc Abb idS BUCS Cibo Ren C a Rone cress errata Peptone 0.2 1.6 253! Sal 6.8 
TET, ost cay le Sch See ae amit eae ea eae Solution)| 1.1 | 2.7| 3.7| 5.7] 6.5 
Nene Rta ee Oe SEE 0.3! 1.1) 2.8 | 5:2) 6.4 
WAL co 2 Re EES NE ieee nr ae, et ERE Ee Be DAREN -Soyeliaess|| EEO 
FASETAL Cletatee cesta svarsiens cistieta sive! ereetevevereeelere o(elever's od 0.8 220 3.2 4.9 6.5 


In the peptone solutions there is no series which is in every distillation 
the lowest or the highest. However, in Series III, three of the five 
data are lower than the corresponding figures of the other five series, 
while in Series IV, two data are the maximum numbers (see Table II). 
The greatest deviations between these series are, at the five different times 
1.2 ec., 1.6 ec., 1.4 cc., 2.8 ec., and 0.9 cc. respectively. This mdicates 
that the difference does not increase with the age of the culture, and 
since it does not increase absolutely, it decreases relatively because the 
total amount of ammonia increases. The greatest variation between 
peptone solutions of the different series, expressed in per cents of the 


462 STATE BOARD OF AGRICULTURE. 


average total ammonia formed, amounts to +-75% after two days, 40% 
after ‘four days, 22% after six days, 24% after 10 days and 7% after 20 
days. This means, in non-mathematical terms, that the older the cultures 
the better comparable are the data. 

Among the sand cultures there is one series lower than all others, 
namely Series V. An explanation for it cannot be given. None of the 
series shows permanently higher data than the others. The greatest 
deviation of corresponding cultures of different series is shown in the 
following table. 


TABLE III. 
Maximum Deviation of Quartz Sand Cultures of Different Series. 
Moisture. 2 days. 4 days. 6 days. 10 days. | 20 days. | Average. 

TOC AL Cotly eee kL Ss 3.2 33 3.3 | 3.5 alg) 3.2 
Ae wre rcbettore gcse keane facete ee 1.8 Qo 21 | yen 2.8 2.3 
ANA aeiee varets Gaal wal oteae woes one ate Lok 1.9 et a 2.4 4.5 a) 
Pee ee iene Mulete, Ciakesmnc age te iotsrene 0.9 2 0.3 | 3.1 0.9 1.3 

| 
AVeTares ansehen: 16 21 2.3 | 2.9 2.8 2.4 

{ 


The maximum deviation between corresponding cultures seems to in- 
crease slightly with age, but not nearly as fast as the total ammonia, so 
that the relative error becomes smaller with the age of culture. 

Comparison of Solutions, Soil and Sand Cultures.—The true picture 
of the average development of B. mycoides in sand cultures and in solu- 
tion is represented in the averages shown in Table IV. The optimum 
moisture for B. mycoides in this quartz sand is about 20%. The series 
with 5% moisture is bette: omitted from consideration, being based on 
only one set of duplicates with rather questionable data. The series 
with 10% moisture has the same endpoint as the peptone solution, but 
ferments much faster in the beginning. The cultures with 15% are su- 
perior in every point, and the cultures with 20% are higher again than 
those with 15%. <A further increase of moisture lowers the amount of 
ammonia formed. The peptone solution might be considered as the ex- 
treme of the increase of moisture, the sand disappearing completely. 


TABLE IV. 


Ammonia formed in One Sand and in Peptone Solution. (Averages from Table II.) 


2 days. 4 days. 6 days. 10 days. | 20 days. 


5% moisture (1 duplicate).............. 4 5 Ie 4 3.8 HOY 1.3 
10% moisture (4 duplicates)............ 2.6 4.0 4.6 5.7 6.5 
159, moisture (4 duplicates)............ 3.0 4.7 5.4 7.0 yp be 
20% moisture (5 duplicates)............ 3.3 4.7 6.0 7.6 9.4 
25 % moisture (3 duplicates)............ 2.0 4.0 5.2 Vee Sat 
Peptone solution (6 duplicates).......... 0.9 2.0 3.2 | 5.0 6.5 


The four soils of the first two series show the moisture optimum at 
25%. They differ from the sand in their very weak development at 
10%, while they are superior to sand at 20 to 30%. The surface soil of 
Series I is a much better medium for B. mycoides than the subsoil, 
showing nearly twice as high an endpoint. In the earlier stages of the 
bacterial gr ywth this difference is much larger and it seems as if the 
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bacteria in the subsoil are retarded by some inhibiting factor that they 
finally overcome. The same soils in Series III behave quite differently. 
The surface soil yields a little less ammonia, the subsoil considerably 
more than in the first series. The soils of both series are from the 
same sample which had been kept air-dry during the five weeks which 
lay between the first and third series. The drying and exposure to 
air had improved the subsoil to such a degree that after the addition of 
fertilizer it gave slightly larger ammonia yields than the fertilized sur- 
face soil. ven if the two different soils were not a mutual check in 
themselves, the comparison of the sand cultures and of the peptone solu- 
tion shows that the differences between Series I and III cannot be laid 
to the inoculum. 

The soils A and B of Series II and IV do not show as much differ- 
ence as the surface and subsoils; in fact, the difference is practically neg- 
ligible. In Series IV, after the soils had been kept dry for about five 
weeks, Soil B showed no change, while Soil A had slightly improved. 

In comparing the action of B. mycoides upon peptone in sand and in 
soils, it would not be permissible to compare the cultures of one certain 
arkitrary moisture content. It seems fair, however, to compare them 
at their optimum of ammonia production. This is 25% for the first four 
soils, 20% for sand and 75% for peat. The maximum yalues for each 
soil after 20 days are: 


With surface soil.......... 15.8 ce. = NaOH ||" With peatis23..0 se. Ss adaeesk 13.5 cc. = NH; 
peMSUL SOR se tane rate tannic < otebe tAGw Ss 2 SENG oes osiennecercor T6235 7 
SO ae ee ee 1/5 Se s | =) (solution s<5 yertstactsiave.xe 63.90 cS - 

Rae SOL Se .*. poke ales) cle seretcre rs 14.4 : o 


According to these data, Soil A is the best culture medium for B. my- 
coides, and the subsoil is the poorest. It seems remarkable that the 
amount of ammonia in the best soil is only twice as large as that in the 
poorest soil. Solution and subsoil are almost alike in their ammonia 
formation. 

Fertilizer Effects—The object of Series III, IV and V was to ascer- 
tain whether and to what extent the better growth in certain soils could 
be accounted for by the presence of soluble mineral salts. The “fertilizer” 
used consisted of 0.2 g. of KH,PO, and 0.1 g. CaCl, per 50 g. of dry soil 
or 50 ce. of solution respectively. In Series V the monabasic phosphate 
was substituted by the dibasic phosphate. 

The influence of the fertilizer is favorable in every instance except 
with quartz sands. This is an apparently peculiar fact which, however, 
can be explained. In Series III the fertilized sand culture showed in 
the average 2.0 cc. less ammonia than the unfertilized check, while the 
treated peptone solution was 2.1 cc. higher than the unfertilized solu- 
tion. In Series IV, the minerals decrease the ammonia production in 
sand 2.7 cc., while the same minerals cause an increase of 0.9 cc. in 
the corresponding solution. In Series V, the effect of the minerals is 
not the same upon sand, causing a rise of 0.2 cc. at 15% moisture and 
of 1.5 cc. at 25%. It is true that in Series V, the monobasic phos- 
phate was substituted by the dibasic which causes a change of acidity. 
But the acidity was also in the peptone solution, and yet, there was 
an increase in the peptone solution due to the same salt that caused 
a decrease in the sand culture. The difference between the sand and 
the solution lies in the amount of moisture in which the salts are 
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dissolved. The 0.2 g. of KH,PO, dissolved in 50 ce. of liquid make a 
solution of 0.4%. The same amount in 50 g. of sand with 20% mois- 
ture, i. e. with 10 g. of H,O makes a 2% solution. The acidity of this 
latter solution, 5 times as high as in the former, may possibly re 
tard the growth while a 0.4% solution is useful by furnishing valu- 
able food. With this supposition agrees the circumstance that in Series 
V, the average increase due to the minerals is only 0.2 ce. at 15% 
moisture, while at 25% moisture the minerals being more diluted, the 
increase is 1.5 cc. In the soils, the acidity is probably neutralized 
by the lime of the soil, and the minerals prove helpful in every case, 
though the degree varies with the soils. Table V gives the average in- 
crease of the fertilized cultures over the corresponding unfertilized 
samples. 


TABLE V. 
Increase of Ammonia Due to Mineral Salts. 
bs = a 
Bi ne 2 4 6-7. e0 20 = 
Culture. Moisture. Series. days. | days. | days. | days. | days Average. 
| 
Surface soil............. 15 and 25%...| III....] 0.75 | 0.85 | 1.15 | 2.40 | 2.65 1.60 
SHDSOUSC eee Oe sees ban T5:and'25'%.%.| LIT ss wh 1400 S50" 3-0) 155240116. 20 3.90 
DOMGAES foradic. He sereldte dle wis 15 anG 26 Weel Vic so aire L210) 0785")"0-65 12805) 225 i610) 
SOUP care ce ce eae VS ana Zoe a Vici ae 0.50 | 1.20 | 2.80 | 2.40 | 4.00 Zoo 
PAU ed oatele ererlore Oe ele GOand75 Yo.) Wee 0.85 | 0.50 | 0.60 | 1.60 | 1.35 1.00 
j | 
ACVETHRG OL AllCGOISS, neste Ceire he: Sets, satus cis re 0594 IMESSh ie 66.) 2er2u oe 2.00 
PASVOTALC OL Bll eSMO Sere oho 4. esate ate ts winlecete aveca teeta vere teen Oe) se Ol OR om Uae len —0.5 
Average of all peptone solutions.................. 0.2 02951) SOSSSI Ss7, 2-3 | i Ney 
Average: of all’soll @xtTacts.: lc). o/eta ass Seevelonee,- 0.2 122.) 029 ieal 4.0 | AS 


The two unproductive soils, the subsoil and Soil B, react very prompt- 
ly upon the fertilizer, while the surface soil, Soil A and the peat 
show a much smaller increase, about 1.6 cc. in the average against 
3.0 ec. in the unproductive soils. In the soils as well as in the liquid 
cultures, the effect of fertilizers increases with the age of the culture 
to such an extent that the increase is at least proportionate with the 
increase of total ammonia. 

The Same Data on the Basis of Soil Solution.—In all previous dis- 
cussions, the ammonia has been computed on the basis of 50 g. dry soil 
or 50 ce. of solution respectively. This method is quite customary in 
soil bacteriology and it has been used in the first pages of this paper 
purposely to show that it is absolutely impossible for bacteriological 
experiments. It may be proper to say that Soil A produces 15 ce n/10 
NH,, and it produces more at 25% moisture than at 20%. But if one 
were to conclude from that, that the bacteria thrive better at 25% 
than at 20% moisture, one would make a serious error. If one com- 
pares bacterial activity, there is only one basis permissable, namely 
equal amounts of medium. The medium is the soil solution only, not 
the undissolved soil particles, and a comparison must be based upon 
equal volumes of soil solution. To compare 100 g. of soil with 10% 
moisture and 100 g. of the soil with 20% moisture would be just as 
unreasonable as to compare the amount of acid formed in 10 ee. of 
one milk and in 20 ce. of another. How much reason the soil chemist 
might have for figuring his analysis per 100 g. of dry soil, the soil 
bacteriologist can not possibly follow this procedure if he wants to 
know anything about bacterial development in the soil. 


EXPERIMENT STATION BULLETINS. 465 


One may object, that the soil as such has a great influence upon the 
erowth of microédrganisms. That is beyond doubt. But it must be ad- 
mitted that in order to determine the influence of phenol upon bacteria, 
we do not figure our data per gram of phenol, but per 100 cc. of nutrient 
solution. On the contrary, the introduction of the soil into the basis 
of comparison makes the data obscure. This is easily demonstrated in 
the case where the soil does not affect the bacterial development. If a 
stone weighing 100 g. is added to 100 cc. of a pure culture of B. 
mycoides, and 2 stones of 100 g. each to another 100 cc. of a pure 
culture of B. mycoides, it is evident that the development is practically 
the same in both cases, but the computation per “100 g. of dry soil” 
shows the first culture to give twice as high data as the second. An 
example of the perplexities encountered in figuring on the soil as a 
basis has been given already in the influence of acid phosphate upon 
the sand cultures. 

Stevens and Withers* have considered the possibilities of using the 
soil solution as the basis of all comparison, and have computed their 
data accordingly. But they did not continue in their policy. “This 
method of comparison probably tends to exaggerate the value of the 
“changes occurring, and from a practical viewpoint a comparison by 
the third method is probably the most serviceable since it pictures ap- 
proximately the relative nitrifying power of two cultures of equal 
weight.” It is the author’s belief that the “practical viewpoint” of 
Stevens and Withers prevented them from obtaining the data and con- 
clusions presented in this paper. 

For this reason, all further discussion of experiments is based on 
equal amounts of liquid medium. All data of Table I have been com- 
puted in mg. NH, per 100 ce. of soil solution. Table VI shows data 
which will lead to conclusions essentially different from, and even con- 
trary to those of the former paragraphs. 


TABLE VI. 
Milligrams NH3 formed by Bacillus mycoides in 100 cc. Soil Solution. 
Series I. 
Moisture 2 4 GP pie it 21 

of soil. days. days. days. | days. days. 
eee 40 6 ist 76.5 Sot 49.0 
0 2 3.9 59.7 94.2 61.8 
SUTa Craw eitenicets «tse 20%, 38 1 42.9 74.5 110.0 150.0 
25% 44.7 69.1 87.3 122.0 | max.160.4 

: 15% 0 17.3 26.9 9.6 | 63 
DUDS Olle yorcter a eectegersreterete 20% 4.1 AEH A 13.6 38.1 80.2 

25% ea) Seal! 16.2 26.4 61 
f 5% 77.6 | 110.0 245.0 206.0 | 84.0 
E | 10% 82.5 140.6 146.9 156.0 150.0 
Quarezsande, wince. cue: { 15% 44.4 90.4 U5 106.0 119.3 
20 % 46.3 65.2 81.6 85.7 96.6 
Te terete aus \laretchs sieve teen eis sicreneoe tarsi eishare stele set [emotes 34 
DOMINIO Met eucts once skededetetener Sine lites oe es enc es ices 6.1 10.2 19.7 20.8 


*Centralblatt f. Bakt. II Abteilung, Bd. 23, p. 372. 
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Series II. 
Soil. Moisture. 2 days. 4 days. 6 days. 10 days. | 20 days. 
10% Sy 46.0 (6350) 107.0 138.0 
15% 5.8 44.4 90.5 133.0 152.0 
Good) soil! AAs cic. chea sia ches 20% 23.2 81.7 128.0 151.0 170.0 
25% 19.3 i Pp 136.5 149.0 164.0 
30% 24.6 38.0 61.8 64.2 115.5 
10% 18.4 9.2 6c 70.3 85.7 
15% 29.0 3.9 135.0 185.0 148.0 
POUT Holl, Bisa. stisc ve & 20 %, 5.5 54.4 103.5 165.0 167.0 
25%, 8.2 33.6 81.5 121.0 147.0 
30% 7.1 22.2 59.5 85.5 109.0 
| 88) 158) ES) eS] | B88 
‘ 100. Die : ; 
Quartz sand........-..- 20 % 50.4 73.5 95.3 106.0 128.0 
25% 20.4 45.8 520, 67.2 92.8 
Peptone solution.......... (100 %) 4.8 weed 11.9 17.4 20.4 
Series IIT. 
Soil. Moisture. 2 days. 4 days 6 days 11 days. | 20 days. 
| 
Surface soil: 
Mntreatedits (ae 25i5<<. . 15% 0. 44.4 40.5 96.5 154 
Untreated. ............ 25 % 23.4 60.0 67.2 63.2 130 
Mreated....--s..ss0c00. 15% |} 19.3 63.7 69.4 125.0] 227 
Waeated seach vod eo 25% 28.5 67.2 74.4 96:7) 146 
| 
| 
Subsoil: 
Untreated.) senses cs 15Q% | Byes) Aa 34.7 59.8 120.0 
(UMtreatedis: cise. 2 aso 25% 26.5 29.5 nL.20 59.1 77.5 
"ETCALE Seincie «i cite tee ee 15% 26.0 79.0 102.0 187.0 223.0 
SUVEREOO Sas aioe tenia suaeocle 25% 43.8 62.2 84.5 102.0 ! 150.0 
Quartz sand: 
Mmbreaveds ts Ss enrate e 20 35.4 Pe 49.0 90.0 140.0 
PETOCRLCO. cy Cals, saie ee eras aie 20% o2.7 30.3 34.1 95.4 99.3 
Peptone solution: 
FIPTCALEO = okie ts teln tats dns race. sae oe 0.7 5.4 18 11.9 23.2 
PETCALCO SS c, oe cite he a erots oe lhtet eee weitere 3.4 8.8 ibe, 24.5 37.0 
Surface soil extract: . 
Lop ay yc) res ER AS AtA A AAPA Siri. 2.4 4.1 10.2 19.7 34.0 
SEVCOLEG oe a onlays ase siete ello eie te lacie whee ie 5.1 10.5 22.1 53.4 
Subsoil extract: 
MTIEROREC |S oo ix \speterao level carte tertehe cas Clb Aut 6 6.5 9.9 18.4 31.3 
PUTCRULGU sz siefew nro whete sete oe 4.8 i er 9.9 20.1 61:0 
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Series IV. 
Soil. Moisture. 2 days. 4 days. 6 days. 10 days. 21 days. 
Good soil A: 
MGTEATEUS 2 eyes wie chats 15 Were} 61.8 98.3 125.0 224.0 
Mintredtedey..i)<1<)ereratercinre « 25 29.5 tore 151.0 156.0 176.0 
BUTE RTOUs Wah vcore acketous 15% Sol 69.5 112.0 177.0 263.0 
APNOAECC sche cise clantver sie Shere 25% 43.8 86.5 157.0 165.0 | 200.0 
Poor soil B: 
UMDECATC CN, Aye fersstaz0is1 oe ibs) 251.0 52.0 84.7 110.0 179.0 
MOMPTEATOE: 5 ou 5.0 raescreie 25 16.3 38.6 91.6 115.0 142.5 
POTEAU CE crccterer eich slate is exahele 15% 23.1 59.8 101.0 129.0 258.0 
“1a 2] 2X0 Ire petty CORRE OES ONG 25% 27.5 59.0 141.0 154.0 182.0 
Quartz sand: - 
Wintireatedl 2. 35.<are.sje.<. store 20 45.0 69.4 91.2 117.0 157.0 
PRP EULE Ostet fc el allctehei'a%e inst s) « 20% 25.9 31.3 43.6 73.5 121.0 
Peptone solution: 
METCALCUE. om epochs a) a) eisi| adorciecs < sic,ePe haw Sil 9.2 26 19.4 OPI? 
PUTER TE CS srk escapee oe) st ob a/oy. a1 hevouarcVe srauae cues BO 14.6 16.0 | 21.8 Phar 
Extract soil A: 
WWaTLTeaLeOive ste csie carrer Accs e)enscc store: ole 5.8 aH LAG} 12.9 21.4 36.7 
Wmireatedis «a. cassie & alias eiae elae toate; 5.8 19.1 22.8 23.5 5220 
Extract soil B: 
Wintrestedi!’ 3. erred es Elle cravat noel Siena Bat 6.8 15.0 21.8 37.0 
Pea be Merete cts, cr ovoust ovairons2)| ersrenenetevenes otenatte 4.1 520 16.7 21 32, 47.3 
Series V. 
Soil. Moisture. 2 days. 4 days. 6 days. 10 days. 19 days. 
Peat: 
Untreated 45% 0 Papal 2.9 9.1 9.6 
Untreated 60% 8.8 10.0 11.4 15.9 236 
Untreated At 45% Died 6.2) 8.5 9.8 15.9 
Becatesls te ee oes Wek 60% 10.0 10.2 12.5 20.0 26.1 
eprentedss) Sette ees 75% 7.0 7.3 9.3 11.4 Ver 
Quartz sand: 
Wntreated’, ces .3hissc.s 2 10% 42.8 1053 76.4 110.0 168.0 
Untreated: - 2.05. 4:. 15% 44.3 59.8 81.0 121.5 142.5 
(Wntreated eee 1. vorchavs cue 25% 14.3 32..6 51.0 60.1 86.5 
mreated tee tS, 8 15% 40.5 56.0 92.5 131.0 146.5 
Preaten moni a tacos: 25% 19.3 34.6 72.2 87.5 100.0 
Peptone solution: 
MIETCALCA eae past oyciete of aiabe ai lfots, Set eves as misses 1.0 aia 9.5 Loe 21-0 
PLTERLCO cress ste love alee ak atofersilia.s actors oercne re Lat 4.1 11.6 20.4 | 26.2 
Peat extract: 
WWinitireate der a ke & otdete etre lle cite) Paasche aie 5.4 9.9 16.7 23.8 43.8 
MTC ATE Came crete tot aiaveteseyete ik tavels chs. ators wue.te 5.8 11.9 19.4 30.3 47.3 
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Series VI. 
ee ) 

Soil. Moisture. 2 days. 4 days. 6 days. 11 days. 21 days. 
10 107.0 128.5 199.0 214.0 251.0 
Coarse SalIG | oe ceaes Vac 15 1.0 94.5 150.5 164.0 176.0 
20% 49.0 54.3 | 85.5 104.5 109.0 

| 

og) BT) es] eS) Tk] HRB 

. 159 5 102. 123. 1 172. 
Medium sand......--.-- 20% 40.7 66.6 88.3 115.7 121.0 
25% 24.4 | 42.8 | 55.0 92.8 97.0 

Ae sel | 

ee] is] Bal 8) Bal ws 

: 15. ; 5. : 
Wine Gand hoses nesses 25% 295 520 65.2 69.2 79 4 
30% Lid 23.0 | 34.8 38.0 46.7 
Peptone solution. ......2ce|--eeeceeeees 4.8 8.8 12.6 14.6 2570 

| 


New Comparison of Sand, Soil and Solution.—These data are not 
absolutely comparable (nor were the previous ones,) on account of the 
peptone being added in proportion to the weight of sand or soil. Con- 
sequently, the sand with 5% moisture and 1% peptone actually con- 
tains a solution of 20% peptone which is compared with a 1% pep- 
tone solution in the liquid culture. As far as the peptone itself is 
concerned, this does not make a serious difference, because a bacterium 
that decomposes only one-fifth of its food in a 1% solution of peptone 
will not be able to destroy more in a 20% solution.* But consider- 
ing the fact that in the sand cultures, the mineral matter is very scarce, 
coming entirely from the commercial peptone, it is evident that a more 
concentrated peptone solution is better suited for growth on account 
of providing more material for cell construction. However, three of 
these series have been checked with parallel cultures which contained 
mineral fertilizers, and in those, the increase of ammonia due to miner- 
als averaged not more than 40% while the differences we are dealing 
with in this experiment amount to several hundred per cent. Later 
experiments will show that the differences are similar even when the 
peptone concentration is constant. They demonstrate further that the 
supposition of some easily decomposed nitrogenous compounds in the 
peptone cannot be accepted as an explanation. 


TABLE VII, 
Influence of Quartz Sand upon the Ammonification by B. mycoides. Averages of Sand Cultures from 
Table VI. 
Moisture content | Series of eeeone fr. 2 6 10 20 
of sand. experiments. tration. | days. days. | days. | days. | days. 
| 
| ———— | |—— 
UAT IE Ee Oe ee ee re erry Ie 20% | 72.5 |110.0 |245.0 |206.0 840 
VA eS Ate See Ly lle'V, Vilese tiedeace eaeae 10% | 79.5 |122.2 |140.5 |174.5 | 205.0 
Dea a id.4 vs c's ste cy Re A SCR eke 6.7% | 57.8 | 90.5 |104.0 |134.8 | 148.3 
oom PP OTE RIOR RsD LS, EL Ua Veey Mies deters steer 5% 44.8 | 63.8 | 81.6 |103.3 | 127.9 
75 etl I eae peeeee 9 Mig) NV Lore ais whe auisbie Sievers aie wte 49, | 30:4. | 4017 | 63.0 |) 7323 92.8 
00%) ackition:, .) 1; 11, LL, IV,"V, Vi. 3. inet. 1% OT Bes 10.9 | 16.7 22.2 
| ! | 


*Later experiments, soon to be published have shown that concentration of peptone plays a more 
important part than was assumed in drawing these conclusions. 
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The data concerning ammonia production in quartz sand are sum- 
marized in Table VII. This table corresponds to Table IIT and il- 
lustrates as plainly as can be desired, the reason why the soil solution 
has been chosen for a basis. From Table III, it was concluded that 
the optimum moisture for ammonia formation in quartz sand is 20%, 
that the decomposition at 5% was negligible and that the peptone so- 
lution equaled, in its suitability for B. mycoides, the sand with 10% 
moisture. These conclusions must be revised, because they have been 
drawn without regard to the most vital needs of microérganisms, name- 
ly the moisture. While Table III says that the “soil” produces most 
ammonia at 20% moisture, Table VII shows that the “bacteria” grow 
best at 10% moisture. While Table III indicates that the soil with 
10% moisture produces about as much ammonia as the solution, Table 
VII demonstrates that the bacteria in the soil with 10% moisture de- 
velop about 8 to 9 times as fast as they do in solution. 

These two sets of data are not contradictory. Table III represents 
the standpoint of the farmer who wants the product regardless of 
where it comes from. Table VII represents the view point of the 
scientist who wants to study the conditions of existence in the soil. 
The results become contradictory only if conclusions are drawn with- 
out due regard to the points emphasized. The fact that 100 g. of sand 
-+- 20 ce. of water produce more ammonia than 100 g. of sand -+ 10 
ec. of water, does not allow the conclusion that the bacteria grow 
better in sand + 20% moisture. Table VII shows that the opposite 
is the case. But this last statement does not interest the farmer; he 
wants the largest amount possible in his soil, not in his soil solution. 
The only possible way of studying life conditions in soil is, of course, 

ethat of Table VII. 

The sand cultures show an increase of 318 to 823% over the solu- 
tions which is due entirely to the physical qualities of the sand, all 
chemical factors being excluded. The soils show less ammonia forma- 
tion than the sand cultures. If we compile the largest amount of am- 
monia formed in each soil the following data are obtained: 


Surface soil, 160 mg. Peat 24 meg. 
Subsoil, 120; i Sand 238 “ 
Soil A, 224i Solution 23. ¢ 
Soil B, 179», 


These data should be compared with those on page 21. Here again, 
the contrast of the two viewpoints is very striking. The best medium 
for B. mycoides is evidently the sand, where it produced 10 times as 
much ammonia as in the solution. The peat is such an inadequate 
medium for B. mycoides, so much inferior even to the subsoil that one 
is led to believe in some antiseptic property of peat. The physical soil 
properties of peat, especially as far as ventilation is concerned, are 


. 
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doubtless very unfavorable for aerobic bacteria. It must be further 
considered that a large portion of the moisture in peat is not available 
for bacterial development, and that the decomposition probably took 
place in a water volume much smaller than the one used in the compu- 
tation. This might easily double the amount of ammonia produced 
per 100 ce. i 

Influence of the Moisture Film.—The enormous increase of micro- 
bial development in sand can be explained only by the enormously in- 
creased ventilation of the culture. The chemical mechanism of the re- 
lation between ventilation and development is treated in detail in the 
following chapter, because more experiments are necessary for this in- 
vestigation. The data of the preceding experiments are fully sufficient 
however, to discuss the influence of moisture upon the development of 
bacteria. 

Table VII has shown B. mycoides to develop best in sand with 10% 
moisture. If it grows better at 10% than at 15% moisture, this is 
evidently due to better aeration. One should suppose therefore that 
this would be the case in all soils. However, according to Table VI, 
the best conditions are found at 20% in all the four soils, and at 10% 
moisture content, the development is not as good though the aeration 
is doubtless better. This seemed strange and contradictory at first; 
the too concentrated soi] solution in the drier soils cannot serve as 
an explanation because in these same soils, the addition of mineral 
salts, i. e. an increase in the concentration, caused a higher yield of 
ammonia. The supposition of harmful soil compounds exerting their 
influence more strongly in the drier soils is perhaps possible, but with- 
out any proof. 

A satisfactory solution of this problem was finally found by the 
following reasoning: Decreasing moisture content increases the aeration, 
and increasing aeration causes increased development of aerobic bac- 
teria. This relation is not unlimited, however, because in the perfectly 
dry soil which has the greatest aeration, the bacterial growth is not 
optimal, but zero. Consequently, soil can get too dry for bacterial 
development. We are dealing with a film of moisture surrounding the 
soil particles. If this film becomes so thin that food can no longer 
diffuse to the cells, the life manifestations of bacteria must cease. The 
thickness of the moisture film grows in direct ratio with the grainsize, 
and since the four soils under study have a considerably smaller grain- 
size than the medium sand, it follows that their films are considerably 
thinner than that of the sand cultures, or that more water is necessary 
to bring them up to the optimum film thickness. 

The moisture film as essential factor in the microbiology of soils 
has already been mentioned nearly 30 years ago by Soyka*. His main 
experiment is mentioned on page 36. 


*Pettenkofer und Ziemssen, Handbuch der Hygiene,’TeilfI, Abteilung IJ[ Der Boden, p. 228. 1885 
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The Relation between Grain Size and Surface Film can be computed 
fundamentally in the following way under the supposition that the 
grains are spherical: The diameter of the grain be a mm. The volume 
of one grain is (5) = a” The average specific gravity of soil par- 
ticles is not very far from 2. 6. The weight of one particle is therefore 
2.6 aS zx 6 

6 2.6 as 
one such particle is 4 Gr m square millimeters and the surface of all 


mg. and one milligram contains 


particles. The surface of 


.a2 7 


6.a2 7 6 f Lda 
56 a8 7 Dea Square millimeters. In 100 g. 


particles in 1 mg. of soil is 


600,000 _ 230,000 


of soil, the surface of all particles is Ce a square millimeters. 


_ 2300 
Ta 


If b ce. of liquid are added to 100 g. of this soil, it will be spread 


square centimeters. 


out over a surface of 2300 square centimeters, and the liquid film will 


b. a. F : ; 7 
be f = S500 cm. thick. It is more convenient to compute the surface 


film in microns. The thickness of the moisture film with a grain size 
of a mm. diameter and with b parts of moisture in 100 g. of dry soil 
(not per cents of moisture) is f = 4.3 a b microns. 


This formula is accurate only with round particles. If they are 
cube-shaped, the surface is 838% larger, and the film will be consequently 
38% thinner. The more irregular the surface, the thinner will be the 
film diameter at the same grain diameter. It is hardly imaginable, 
however, that the shape of the soil particles will be so odd-shaped as 
to have a surface more than twice as large as that of spheres. The fac- 
tor 4.3 may therefore become as small as 2.0 in some cases, but probably 
not smaller. 

It may be unnecessary to call attention to the fact that a moisture 
film as it is computed here, does not really exist. The water in the 
soil forms by no means an even film over the entire inner surface of 
the soil, but gathers at the places where the soil particles touch. The 
“thickness of the moisture film” is solely an expression for a certain 
condition in the soil, it allows us to figure with an essential factor in 
bacterial life that cannot be expressed precisely by one single term. 
Though the moisture film is mentioned continuously in the future dis- 
cussions, it should always be interpreted under the just mentioned 
limitations. 

Table VII showed the optimal moisture content for B. mycoides in 
medium sand to be between 5 and 10%. The data obtained with 5% 
moisture are unreliable and do not check with each other. Generally 
the sand with 10% moisture seems to afford a better medium, and the 
real optimum lies between the two. According to the above-mentioned 
formula, the moisture film would be 22 — 43 wp» figuring on 1 mm. 
grainsize and round grains. Since the grains are quite angular and 
irregular (see Figure I) the film is probably only half as thick, approxi- 
mately 10 — 20 ». This film would suffice to surround bacteria and even 
smaller protozoa entirely with water. If this film decreases in thick- 
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ness, the diffusion becomes smaller. Though this does not change the 
coefficient of diffusion, i. e. the amount of compounds diffusing per 
unit, it decreases the number of units and consequently the amount of 
food diffusing towards the cells and the amount of metabolic products 
diffusing from the cells. The result is an insufficient food supply com- 
bined with the accumulation of harmful products. The most abundant 
oxygen supply could not increase the rate of development under these 
conditions. The greatest development will take place when oxygen 
and food diffuse to the cell at least as fast as they are used up; the 
demand for both increases with the growth of the cells because the 
active mass increases. 


Fig. 1. 


This does not mean, however, that decomposition in the drier soils 
must remain incomplete. As long as the moisture film is sufficiently 
coherent to allow diffusion from one soil particle to the other, the de- 
composition will be complete, only a long time will be required to do 
this. The endpoint of bacterial decomposition will be the later, the 
thinner the moisture film. The data of Table VI show quite con- 
clusively that the decomposition in the moister soils is faster in the 
beginning, but soon comes to a stop, while the drier soils work slowly 
and steadily, and finally are ahead of the moister samples. The oxygen 
in the moist samples is soon exhausted and is replaced very slowly if 
at all. In the drier soils, the diffusion of food to the cells is slow, but 
constant, and the oxygen supply is sufficient to decompose all available 
food. The Series III and IV especially show this very plainly. In 
both series, there are two soils, each with and without fertilizer, at 
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15 and 25% moisture. In each of these eight examples, the decompo- 
sition at 15% moisture is slower in the beginning, and higher in 
the end than at 25% moisture. Table VIII gives the averages of 
these eight sets, computed in various ways. The comparison of the 
rate of ammonia-formation in the middle section of the table shows the 
interesting fact that in the last 10 days, the drier soils form about twice 
as much ammonia per day as the moist ones. Indeed, it seems quite 
doubtful that the dry soil have really reached the endpoint. 

The lower section of the table shows how many per cents of the total 
ammonia are produced in the different time intervals. The result can 
be summarized in the statement that the dry soils produced 38% 
and 40% of the total ammonia in the first 6 days while the moist soils 
produced 69% and 67% in the same time. 


TABLE VIII. 


Ammonia Produced in the Average of four Soils at Various Moistures. 


Moisture. 2 days. 4 days. 6 days. 10 days. 20 days. 
| 
oa: 15% Sea) 45.9 64.6 97.4 169.4 
Unfertilized........ 25% 24.0 50.3 91.7 98.3 131.6 
5 “1s 15 25.3 68.0 96.1 154.5 242.3 
MRIENE NIZE Ms) «cea atecs-s. we treteters \ 25 35.9 68.7 14.2 129 4 169.5 
Daily Ammonia Production. 
a1; f 15% 6.8 16 2 9.4 8.2 Tae 
Wmiertii Zed se so. eve. oo yo, store 25% 120 13.2 20.7 1.9 3°3 
“ys LHS) 1 21.4 14.1 14.6 8.8 
HOR UTZEA WS hea niclers<e, oth or 1 25% 18.0 16.3 22'8 4.0 4.0 
Per cents of Total Ammonia Produced at Different Intervals. 

a J 15% 8% 19% 11% 19% 43 % 
Wntertilized se states eles as « 25% 18 G 20% 31 % 15% 25% 
ili 0 1% 18% 11% 24% /0 
HERtIIZeC Rem eatin sce: 1 23 18 19% 27 & 9% 24 ¢ 


The retardation through too thin surface films is also quite evident 
in the Series VI of the experiments (Table VI) where coarse, medium 
and fine sand are compared. At the same moisture content, the coarse 
sand has the thickest surface film, and should therefore show the most 
rapid decomposition in the beginning. The first section of Table IX 
proves this point quite conclusively. The fastest decomposition in the 
coarse sand is during the first two days, in the medium sand, it is 
best during the second and third day, and the maximum for the fine 
sand is between the fourth and sixth days. 


TABLE IX. 


Daily Average of Ammonia (mg per 100 cc.) produced by B. mycoides in various sands. 


0-2 2-4 4-6 6-11 11-21 

days. days days. days. days. 
WOATSCISAT Cian cte ether ieive le, toile ella cler ia 39.5 mg 6.3 mg 9.67mg 9.8 mg 1.8 mg 
WIGGIE SETNGL, 6 oo coding mocsus bid on 21.0 20.0 13.7 7.4 ea 
RITIGISATIG A sities aicleevciee cake O sioieierescleate 9. 6.1 13.0 0.6 1.0 
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Daily amount of ammonia produced by B. mycoides in the same sand with various moisture contents. 
(mg per 100 cc.) 


- 0-2 2-4 | - 6-11 11-21 
Moisture. | gays. | days. days. | days. days. 
SORTING SANG cress. sere sere © o f j 10% 63.6 1 Bay fel 35.3 3.0 3.0 
20 % 24.6 2.6 | 15.6 3.8 0.5 
NGdiH ii SANG 83, hs es Be ] 109 21.4 || 86.7 26.0 9.8 pe 
25% 12.2 9.2 6.1 WD 0.4 
RING BANC aS $2 Sas one si { 15% veal 3.9 23.2 0.8 1.0 
30% 15.6 6.0 5.9 0.6 0.9 
Per cents of total Ammonia Produced at Different Intervals. 
0-2 2-4 | 4-6 } 6-11 11-21 
| days. days. | days. | days days 
| 
Average: 
FP erases re oh « cyan 6 ebap aerate lah nas ace 26% 16 85% | 11% ae 
Moisi 5.00 kL ee ee ee 31% 16%, 22%, | 21% 9% 


The second section of Table IX compares the daily ammonia for- 
mation in each sand at the highest and lowest moisture content. The 
maximum rate of decomposition in the coarse sand is within the first 
two days, regardless of the moisture content. In the medium sand, 
the moisture content causes a difference; the drier soil has the maxi- 
mum after two days, the moister soil before two days. In the finest 
sand, the difference is still more pronounced, the moist sand having its 
maximum in the first two days, while the drier sand does not show this 
until after 4 days. 

The last section indicates what percentage of the total ammonia 
was formed in the various time intervals. The results agree with the 
above conclusions. The averages show that the largest amount of am- 
monia in the moist sands is formed in the first two days, while in the 
drier sands, it is formed at about the fifth day. 

The endpoint of decomposition will be influenced by drying if the 
moisture film is interrupted and does no more allow a diffusion from 
one particle to the other. In this case, the distribution and number of 
bacteria play the deciding rule. A sand with 1 mm. grainsize contains 
about 700 particles per gram; 0.1 mm. grainsize gives 700,000 particles, 
and 0.01 mm. grainsize 700,000,000 particles per gram of soil. In fine 
soils, only part of the soil particles will have bacteria, while others will 
be sterile. If, in this case, the moisture film does not allow diffusion 
from one particle to the other, the endpoint will depend upon the 
number of cells in the soil. 

Influence of Ventilation.—It has been stated in several places that 
the enormous increase of ammonia production in sand cultures is due 
to the increased oxygen supply which is regulated by the ventilation of 
the soil. The ventilation, or permeability to air, of dry soil is propor- 
tionate to the square of the grain diameter, according to King. Mathe- 
matical relations between moisture content, grainsize and permeability 
are not known to the writer. It is safe to assume, however, that with 
the same moisture content, the increase of grainsize increases the per- 
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meability very much. Naturally, the air surrounding the soil particles 
will never contain more oxygen than the air over a peptone solution. 
If the bacteria in a sand culture find more available oxygen than in a 
plain solution, this is the result of a faster gas exchange. This ex- 
change depends entirely upon the surface exposed and upon the oxygen 
concentration in the liquid and the gas phase. The amount of oxygen 
in the soil air depends directly upon the ventilation. But the surface 
between liquid and gas, or the depth of the liquid, is also very essential. 
The culture in peptone solution in a layer about 2 cm. deep produced 
in two days 2.7 mg NH, (Table VII); the same culture spread over 
sand in a layer about 20 » deep, produced in the same time 79.5 mg 
NH,,; in the latter culture, the surface between gas and liquid was ap- 
proximately a thousand times larger than in the former, while all 
other conditions were practically identical. The oxygen concentration 
in a sterile solution is the same whether it is spread over soil or sand 
particles or in a flask by itself. After inoculation, the bacteria begin 
to use up the dissolved oxygen and the further growth of obligate 
aerobic bacteria depends upon the rate of oxygen replacement. If the 
oxygen-content of the air remains constant, the oxygen replacement is 
in direct ratio to the surface, or in invert ratio to the depth of the 
liquid. 

Even the decrease in the depth of liquid from 30 » to 20 » (medium 
sand with 15% and 10% moisture) yields an increase of ammonia 
(see Table VII). A further decrease of the depth to 10 » (5% water) 
results in a decrease of ammonia. This has been explained in the 
former paragraph by the too slow diffusion of the food in the very 
thin films. The most abundant oxygen supply is of no benefit to the 
cells if they have no food to be oxidized. 

It must be remembered that the oxygen supply does not depend solely 
upon the contact surface between liquid and gas, but also upon the 
oxygen concentration in this gas. The oxygen of the soil air will be 
used up very fast, and the further development depends entirely upon 
the ventilation. If there is no ventilation, the growth of strictly aerobic 
bacteria will cease as soon as the last trace of oxygen is used up, re 
gardless of the film thickness. 

It should be pointed out briefly how little oxygen is actually available 
to aerobic microdrganisms in our ordinary liquid media in flasks or 
test tubes. For experiments concerning the actual oxygen require- 
ments of microdrganisms, it seems necessary to use sand cultures rather 
than the customary liquid cultures, because only in this way an even 
oxygen concentration can be secured. 

The best conditions of existence for B mycoides in sand of 1 mm. 
grain diameter were found to be at about 10% moisture, i. e. at a 
moisture film of about 20 » thickness. A soil or sand with 0.5 mm. 
grainsize would require 20% moisture to give the optimal moisture 
film. If the grainsize is 0.1 mm., the moisture necessary to produce 
the optimum film thickness would be 100 parts of water to 100 parts of 
dry soil. Such soil is, of course, water-logged and has no ventilation 
whatever. Most agricultural soils have a grainsize nearer 0.1 mm. 
than 1.0 mm. The consequence is that in these soils, the strictly 
aerobic bacteria can never have optimal conditions of existence. If 
the oxygen supply is sufficient, the food-supply is inadequate on account 
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of the too thin moisture film, and if the moisture films are thick 
enough to supply the food, the soil solution prevents the ventilation 
and gas exchange entirely. The growth of aerobic bacteria in fine- 
grained soils is a compromise. Table VI proves that this condition 
actually exists. The highest ammonia production was obtained in the 
sand cultures, and not in the soils, though these contained a good many 
valuable food compounds. The soil extracts range higher than the 
peptone solutions, but the sand cultures are distinctly superior to the 
soil cultures. 

It can be deducted from the discussions of this chapter that the 
optimal conditions for aerobic bacteria in soil are an appropriate mois- 
true film (approximately 10 — 20 ») and the greatest possible ventila- 
tion. Consequently, the life conditions will improve with increasing 
grainsize, because the ventilation increases with the square of the grain 
diameter, the water film in direct ratio with it. In agricultural soils, 
there is no danger that the moisture film becomes too thick from inerease 
of grainsize. Only if the grainsize exceeds 2 mm., this condition is apt 
to take place, and such soils are not used for agricultural purposes. 
It is therefore safe to state the following: Life conditions for 
aerobic bacteria improve with increasing grainsize of the soil. 

The influence of the water content cannot be stated in such a general 
way. For agricultural soils of a grainsize less than 0.5 mm, the mois- 
ture film should be as thick as possible and still allow good aeration. 
Definite statements concerning the relation between bacterial develop- 
ment, grainsize and mvisture content cannot be made until a mathemati- 
cal formula has been found for the dependence of ventilation from 
grainsize and moisture content. 


II THE ENDPOINT OF FERMENTATION. 


It has been generally assumed in the preceding pages that the great- 
ly increased ammonia formation in the sand cultures is due to an in- 
creased oxygen supply. It remains to explain the biochemical mechan- 
ism of this stimulating action of the oxygen. The endpoint of a fer- 
mentation is ordinarily considered to be due to either the accumula- 
tion of harmful products or the lack of food. In these experiments, 
lack of food cannot figure as an explanation since less than 20% of 
the total nitrogen in peptone is changed to ammonia. Accumulation 
of harmful products should then be the other alternative. Yet, it seems 
highly improbable that bacteria in quartz sand can tolerate 6 to 8 
times as much ammonia as in solution. An adsorption of ammonia 
by the sand to such an extent would contradict all experience. 

Endpoint and Number of Bacteria.—In a previous paper* the author 
has found certain lactic bacteria to grow faster and produce more acid 
in the presence of peptone. This was explained by the theory of an 
equilibrium between the zymase in the cells and the acid produced. An 
increase in the number of cells meant an increase in the zymase, and 
this caused a disturbance of the equilibrium resulting in more acid 
formation. Possibly this theory would explain the ammonia increase. 
The abundant oxygen supply might cause a greatly increased growth, 
and the consequent increase of ammonia-forming enzyme would result in 


*Michigan Agricultural College Technical Bul. No. 10 (1911) p. 30. 
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a continued ammonia formation. The increase in cells would have to be 
very large, for the three to five fold number of lactic bacteria caused 
only a doubling of the acid, and here we are dealing with an increase 
of 6 to 8 times the original amount of ammonia. 

For the experiments with counting bacteria, B. mycoides was 
not considered a suitable organism, because such thread bacteria do 
not allow of great accuracy in plating. Three pure cultures of bacteria 
were isolated for this purpose from putrefying peptone solution. They 
were ammonia producers and formed an even cloudiness without scum 
in liquid media; the species names were not determined. The technic 
of their culture varied from that of the first experiment. The actual 
medium was a 1% solution and this medium was used as such, and 
mixed with sand in two proportions: 100 g. of sand (medium 
quartz) ++ 50 cc. solution and 200 g. of sand + 20 cc. of solution. 
Thus, there were three conditions established, the solution, the water- 
logged soil (the liquid stood a few millimeters over the sand) and the 
well-aerated soil. The bacteria were counted on agar plates, each number 
representing the average of two counts from the same sample. The ex- 
periments were carried out by Mr. A. Itano and Mr. Eugene Brown. The 
ammonia is computed per 100 ce. of solution, the bacteria per cc. 

The results are, on the whole, not satisfactory. The counts in Exp. 
X were so unsatisfactory that they are entirely omitted. All three 
sets of data show the same general occurrence: increased number of 
cells as well as increased ammonia formation in the well aerated sand 
cultures. The increase in the numbers is not high enough, however, 
to account for the ammonia increase. 


TABLE X. 


Milligrams Ammonia in 100 cc. of Peptone solution. 


A POE 100 cc ~ 
E ce. ce. 
100 ce. | 900 sand. | 1000 sand. 


[stiiteie: DEL TOTES os ces. 6 BG ODDS 0 eet GOIOko D DIBIO Die Cian eIacOie ceca ReE Or 2.55 7.99 8.50 
iMG JS) lieibinste os oat Gable Dots cence ese das bomdGoD ogros aor 6.29 8.16 18.28 
LMRIGIE 7/2) IGT RS aoa ah cea eo olOinee GO CIR Ee Ol. Ge Do een ar Seem ine eGo 9.52 PMEZ5 
Darter CTS TRO las oo oie: Di AD CE eA LMG tho Cacia ieae one Dice ani meres 9.86 11.90 61.62 
PET ONMOLES io ahh cic chine cnt Rie ihcLeta Mere cas isle ne is oGbae cues aheie Sues U2 13.09 65.87 
AG Her AMHOUILS Mena store lone ere csela ae al iencle eo Snare win ake onesie! cre ales T2075 14.79 1225 
INTE IGS Tobie S 2 eodo ee nents Dictebo OIC epee ac oma Grane er, arcane 14.28 Lb: ii soo 
TABLE XI. 
A B. C 
Age. Solution. 100 sol. + 200 sand. 100 sol. + 1000 sand. 


| mg NH; | bact. perce. | mg NH =z | bact. per cc. | mg NH3 bact. per cc. 


910 0 910 0 910 


IBEPAMINES cicietscrelene n- 0 

After 24 hours........ | 153: 9,500,000 | 2.38 8,400 ,000 4.68 28,200,000 
After 48 hours........ 7.48 | 12,500,000 | 10.03 | 28,000,000 23.38 180,000,000 
ATED exnOUrS cee 2. 8.67 20,000,000 | 10.05 | 17,000,000 7.40 | 342,000,000 


7.60 | 312,000,000 
2.48 | 282,000,000 


eel 


3 
After 96 hours........ | 12.92 | 37,000,000 16.66 | 17,000,000 4 
After 168 hours....... 20.57 | 28,000,000 21.93 | 26,500,000 6 
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TABLE XII. 
ira | 
Solution. | 100 sol. + 200 sand. 100 sol. + 1000 sand. 

Age. 
| mg NHs | bact. per cc. mg NHs | bact. perce.| mg NH3 _ bact. per cc. 

| 
BEPMNIN Ey. ocr tesa %s re 0 8,200 | 8, 200° | 0 8,200 
After 24 ROUTSS <<< ins % - 0.85 19,000 1.53 | 13,980,000 5310 35,880,000 
After 48 hours........ 1 Wy (4) 30,000 lost | 26,200,000 18.28 290,400,000 
Adtter ‘72 Nourse: «<% «.<- Lec0 120,000 3.91 | 45,900,000 | 26.35 | 325,200,000 
After AG hoursses «0.2.4 3.06 | 84,000,000 5.44 | 36,600,000 33.58 510,000,000 
After 192 hours....... 6.80 yea epee | SARS cesiCORe S| EAR eae 52.70 120,000,000 


Endpoint and adsorption.—The tables X-XII show one rather inter- 
esting point, namely the ammonia in the saturated sands. This seems 
rather strange since the conditions in the saturated sand are more 
strictly anaerobic than in solution. The sand is a mechanical ob- 
stacle to the diffusion of oxygen into the deeper layers, and prevents 
also the currents which help to distribute oxygen through liquids. The 
explanation through air held mechanically by the sand does not hold 
true because exactly the same is true with Bacterium lactis acidi (see 
Tables XIX-XXII). These would be retarded by the presence of oxygen, 
but they develop better in sand saturated with milk than in milk alone. 

These data have a certain similarity with the finding of plant physiolo- 
gists, that the toxic action of certain poisons is reduced or even disap- 
pears entirely through the addition of such finely divided materials as 
quartz sand, filter paper or paraffin. The explanation given is gener- 
ally adsorption, though in no case the decrease of poison in the solu- 
tion has been proved by analysis. 

Gibbs determined with a few minerals salts the amounts actually 
adsorbed by quartz sand, and found it in some cases to be unmeasurable, 
in others to be less than 1 mg per square meter of surface. This 
speaks very plainly against any explanation of the high ammonia yields 
in the well-aerated soils while it might suffice for the difference in 
solution and water-logged sand. 

Endpoint and Ammonia Concentration.—All these experiments make 
it seem rather doubtful whether the growth of B. mycoides is actually 
limited by the accumulation of ammonia or rather ammonium carbonate. 
If this were the case, one would have to conclude necessarily that -.in 
sand the bacteria can tolerate 8 times as much ammonia as in solution. 
The tolerance for ammonium carbonate can be easily tested. A stand- 
ard solution of ammonium carbonate was pasteurized at 80°C. for half 
an hour, and was then mixed with a sterile peptone solution in certain 
proportions. After repeated inoculation, B. mycoides was found to 
grow in the presence of 200 mg NH, per 100 ce. If, therefore, the de- 
composition of peptone solution ceases at 23 mg NH, per 100 ce., this 
is not due to the accumulation of ammonia. 

Endpoint and Oxidation.—The previous experiments establish the facts 
that the ammonia formation by B. mycoides is not comparable to the 
acid or alcohol formation by other microérganisms. The neutraliza- 
tion of acid, the removal of alcohol allow a new development of the 
organisms, consequently they are inhibiting products. The ammonia 
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is no such “autotoxic” metabolic product. This puts the entire am- 
monification experiments upon a new basis. 

Since the ammonia must be considered a metabolic product of sec- 
ondary importance, it was thought possible to explain its formation 
as the remainder of an oxidizing process of the peptone molecule. The 
nitrogen atoms in the peptone molecule are doubtless present in various 
combinations. There are very probably amino-groups, imino-groups, 
acid-amid-groups and substituted amids. It is not unreasonable to 
assume that some of these groups can be split by hydrolysis liberating 
ammonia, while others cannot. It is worth while to call attention to 
the experiments of Shibata* with the “amidase,” an ammonia forming 
endo-enzyme of Aspergillus niger. This amidase produced ammonia 
from urea, biuret and certain acid-amids, but not from mono-amino- 
acids. The enzyme is evidently hydrolytic, and is able to hydrolize only 
when the NH, group and oxygen are at the same carbon atom, as is 
the case in acid-amids, urea and biuret, but not in amino-acids. 

R — CONH, + HOH = RCOOH + NH,. 

It seem then that the nitrogen atoms of the amino and imino-groups 
are not ammonified by hydrolysis. If this be not possible, ammonia can 
be liberated only through the destruction of the entire molecule by 
oxidation, as may be illustrated with amino-acetic acid: 

NH,CH,CO.,H -++ 30 = NH, + H,O + 2 CO, 

Such oxidation will take place much more freely in a sand culture 
than in a solution, and it is quite easily understood that a more com- 
plete oxidation of the peptone will cause a more complete ammoni- 
fication of the nitrogen. The ammonia would then be an incidental 
product, nothing but an indigestible piece of an otherwise digestible 
molecule. 

This explanation of the “high endpoint’ of ammonia formation can 
be considered proved, if the increase of ammonia can be shown to be 
accompanied by an increased production of CO,. This was done in 
the following experiment which was carried out by Mr. H. K. Wright. 

The cultures were kept in flasks with ground glass stoppers which 
were perforated by two glass tubes, one opening near the bottom of the 
flask, the other one just allowing gases to escape. The cultures were 
grown in 25 ce. of a 5% peptone solution, and in 50 g. of medium sand 
-+- 5 cc. of peptone solution. Every 24 hours, free air was drawn 
through these flasks for 20 minutes, and the air, after passing a small 
wash bottle with n/10 H,SO, and a CaCl, tube, left the CO, in a potash- 
bulb, which was weighed daily. On the twelfth day, sulfuric acid was 
put into the cultures to liberate the CO, which was chemically bound to 
the ammonia; after this, the ammonia was determined. The results of 
Table XIII prove the theory. 

About 15% of the total ammonia of the sand cultures was found in 
the small wash bottles. 


*Hoffmeisters Beitrage Band 57(1904) p 384. 
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TABLE XIII. 


CO’ Formation from Peptone by B. mycoides in Sand and Solution. 


Average CO » per 
mg. CO. per flask. 100 ce. liquid 
medium. 


5 cc. solution + 


25 ce. solution. 50 g. sand. Solution. Sand. 
| 
a b e d a+b c+d 
IBTEOCE: MODY teks. onjh claw wiake 0. 0. 0.2 7.4 0 76 
ATO Days cs. e sis aban cre 3.2 0.4 9.0 18.8 7 278 
ALCOR S GUYS soi )n ee ala alete ots 5.0 ied U7.6 27.8 13 454 
ACCT BV’. Cenk tec sete. (2.6) (0.6) 2224 O44 fs caterer 568 
Attenrb Gaysins aoc tis efor 3.9 2.0 32.0 44.5 12 765 
PATCAL Or GadUSca cists ope wintelsrers 7.8 Wace 44.8 60.8 30 1,056 
ATter 7 GRVSt 2.7 Maleselte te 8.0 10.5 50.8 63.8 37 1,146 
ATUtEY 3 GBYS oi 5,..5.4.55.0 are siete ote 8.8 14.8 57.8 Cont 47 1,315 
ALLOY: O.G AYN oni. cee Sane al Hef DIF. 66.0 82.4 65 1,484 
AT Or UO SYS Bly oh Sale cheers 1 NS 2) ON ea et 70.2 STLOA|s « sien we 15577 
ATTCI EL OVAAYS:. © «stars a cicncae ete 16.4 35.0 73.6 90.2 103 1,638 
CO >» liberated on 12th day by 
1 ESCO teen, ie 5.8 vba he. GLAS? 137 34 256 
otal, CO's formied’...27.. 5. so 22.2 46.2 85.5 103.9 137 1,894 
mg. Ammonia found........ 10.95 15.92 15.30 15.91 54 312 


Most experiments in this chapter would have been omitted if the 
writer had found in time the paper of Emil Marchal on ammonification.* 
This paper discusses very extensively the ammonia formation by B. 
mycoides in albumen solution. Marchal concludes (p. 589 and 590): 
“When a simultaneous estimation is made of the carbonic acid and am- 
monia produced by the respiration of the microbe, it is found that the 
proportion of these substances obtained, closely approximates that 
which is obtained by the complete combustion of albumen.” The ratio 
obtained was 1:8.9 while the combustion gives 1: 10.4. Marchal comes 
to the following conclusion: “Under the influence of B. mycoides, oxygen 
acts on the elements of albumen, the carbon being transformed into ecar- 
bonie acid, the sulphur into sulfuric acid, a part of the hydrogen into 
water, while ammonia is left as a residue.” 

Marchal tried further the influence of aeration by growing the bac- 
teria in equal volumes of liquid, the depth of the liquid being 12 em., 5 
cm., and 2.5 em., respectively. The ammonia formed in these three 
experiments was 16.8, 34.0 and 50.0 mg. per 100 ce. in 15 days. 

The ratio of NH,: CO, in the writer’s experiment is 1: 2.5 in the so- 
lution and 1:6.1 in the sand, while the theoretical yield of a complete 
combustion, figuring on 46.1% C and 13.8% N in Peptone Witte, ac- 
cording to our determinations, is 10.2. The circumstance that the CO, 
produced per one part of ammonia liberated is much less in solution, 


~ *Bull de I’ Academic Belgique t. 25, (1893) p. 727 translated into English in Agricultural Science 
Vol. VIII, p. 574. 
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is easily explained by the very probable assumption that certain nitro- 
gen atoms can be split off from the peptone molecule by hydrolysis, i. e. 
without simultaneous formation of CO,, while the bulk is liberated only 
if the adhering organic radicals are oxidized. 


III. EXPERIMENTS WITH OTHER AEROBIC BACTERIA. 


The experiments in the preceding pages have been carried on exclus- 
ively with bacteria liberating ammonia from peptone which was found 
to be a process of complete oxidation. It is probable that other strictly 
aerobic bacteria will behave similarly in soil, because with them, also, 
the oxygen supply is the regulating factor. Bacteria requiring much 
oxygen, such as the vinegar bacteria, require a very thin moisture film 
to accelerate the oxygen exchange as much as possible. The bacteria 
which require oxygen for their energy supply will all belong to this 
group. But there are other aerobic bacteria obtaining their energy from 
nonoxidative processes, and requiring oxygen for life, such as the urea- 
fermenting organisms. The amount of oxygen used by these organisms 
is very small, and the replacement of oxygen will be much less im- 
portant to them than to the vinegar bacteria. Bacteria of this type 
should hardly be influenced at all by the ventilation and by the presence 
of sand and the exposed surface, except that too thin a moisture film 
must prevent the ready food supply, and consequently retard the en- 
tire metabolism. The following pages give three examples of aerobic 
bacteria acting upon various compounds. 

Azotobacter in Sand and Solution.—The Azotobactor species are 
know as strictly aerobic bacteria. Krainsky* determined the amount 
of CO, produced by a pure culture of Azotobacter in sand with 5, 15 and 
20% moisture. He computed his data per 500 g. of sand, but he com- 
pares mainly the relation of CO, to the amount of nitrogen fixed. 
From his data can be compiled the following table: 


TABLE XIV. 
Azotobacter in Mannit-Solution + Sand. (All data per 100 cc. of Solution.) 


Moisture content. 5% 15% 20% 
MmpPyCOMtormed inal S'daySr eccmeecccs aces nese ceies cee 668 1,214 986 
THA ONO RAI ZE perce eyes aia os a. caso, axel Shon svemeiceo here of a eve en 182 331 268 
IER IN SH KOC act e Moretapetegeie cite cps lone d wie-sie oie oe bh cicsers etovere wishes 16.48 | 11.46 9.78 
: Duaieene tora elmore tnroststec sist cio ere is, tele cehedeie ar ie miata evs oralesele 1:41 1:106 1:99 
(OL Faris ls 5 oleae acc y G ee aCe ee ae tal 1:29 1:28 


The nitrogen fixed by young cultures of Azotobacter may be consid- 
ered proportionate to the number of cells. Under this supposition, it 
can be stated that the bacteria grew best at 5% moisture, and used the 
carbon source most economically. Since Krainsky does not mention 
the grainsize of the sand, it is not possible to make any computations 
concerning the moisture film. Nothing can be said even concerning the 
optimum moisture because there are no data to fill the gap between 5 
and 15% moisture. 

One little experiment concerning the nitrogen fixation of an Aco- 


*Centralbl. f. Bakt. II, Bd. 26 (109) p:231. 
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tobacter species has been made by Mr. A. Itano. The general outline 
of experiments corresponding to the experiments X, XI, XII. The 
nutrient solution, a solution of 2% dextrose and 0.02% K,HPO, in 
tap water, was used as such and mixed with medium sand in the pro- 
portions 20 : 200 and 50 : 100. The sterilized media were inoculated 
with a pure culture of a freshly isolated Azotobacter species and 
the total nitrogen was determined after 7 weeks. 


TABLE XV. 


Nitrogen fixation of Azotobacter in Sand Cultures. (mg N per 100 ce. solution). 


Medium. Single determinations. Average. 
AO CR BOL GO aface c0,c-5 < ssarary oe hee ose ice mies 4.2mg 4.2mg 4.2mg 2.8mg 4.3 mg 
LOO:solution +. 200.sand .«... $5 4.) Se athies 6.3mg 5.6mg 5.6mg 4.9 mg 5.6 mg 
LOO solution: -+- TO00 sand: ... 6. wrk nis ae or 38.5mg 35.0mg 35.0mg 31.5 mg 35.0 mg 


The results agree entirely with all those of the previous experiments. 
There is the same great increase of bacterial development of about 1000% 
in the well ventilated sand over the plain solution, and the water-logged 
sand is again a little superior to the solution without sand. The 
amount of sugar used up has not been determined. 

Vinegar Bacteria in Sand and Solution.—As a further representative 
of a strictly aerobic organism, the vinegar fermentation was used. 

The experiment was carried out as follows: The nutrient solution 
was cider -++- 8% alcohol, which was pasteurized for 2 hours at 80° and 
was then inoculated with a young pure culture of a vinegar bacterium 
which is used as a vinegar starter. This inoculated cider was dis- 
tributed with sterile pipettes into flasks containing each 100 g. of sterile 
sand (medium quartz sand). The various mixtures, and the amounts 
of acid formed by them at different times, are given in Table XVI. The 
table shows only the acid actually produced, i. e. after subtracting the 
acidity of the cider, in grams per 100 cc. of solution. The data are 
averages from duplicate determinations. 


TABLE XVI. 


Acetic Acid formed from Alcohol in Sand and Solution. 


] 
Culture. | 4 days. 10 days. 17 days. 24 days. 

Bier tx SOs Ramil (os ohn ss tata eed ee eee 0% 0.41% 0.28 % 0.12% 
Oiler, 4. LOGE Sando see ee ot lena eee og 1.55% | 0.47% | 0.35% 
Th coh: LOO eiSand io). he a one seek Poe 0% | 3.91% | 2.30% 0.75% 
DO ar: + 100 Hand. oes cae ER kk kes 0% 4.67% | 4.02% | 3.33% 
D5 CO, A LOOP SANG; Were Cine ae atais see eee ek ee 0% | 1.30% | 4.55% 3.80% 
BU ces 142 0 p Sasi os loss fl MA es a EN toed 0% | 0.60%] 4.90% 4.90 %, 
BOiCGoet LOO SANG a cise opens more wake Baek Gee 0% 0. 0.09% 4.73% 
75 CG 100 2 Bands sas. soir weal ae sete ele 0% 0. 0. 0.23% 
100 CC; =PeLOO pe Band isis x ..15 series, Skehere ay ee ae 0% 0. 0. | 0.05% 


The experiment does not show the emphasized point very well because 
the vinegar bacteria destroyed again the acid which they originally 
formed. This destruction is a complete oxidation and like all oxida- 
tions takes place fastest in the driest sand. After 10 days, when the 
sand with 5% moisture shows hardly any acid, the sand with 20% 
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moisture is at the height of its acidity, while the sand with 20% mois- 
ture is just getting started. The actual efficiency of these bacteria 
can be estimated only if CO, and CH,CO,H are both determined. 

It would be absolutely wrong to conclude from the above table 
that the optimum conditions prevail at 20 — 380% moisture. One 
should rather conclude that under these conditions the oxygen supply 
is not sufficient to allow complete oxidation of the food, and therefore, 
the acetic acid accumulates. This is the ideal condition for the vinegar 
manufacturer, but not for the bacteria themselves. They would be much 
better off if they could dispose of the noxious acid by changing it into 
the volatile carbon dioxide. For such oxidation, the sand cultures with 
_5 and 10% moisture afford much better opportunity. 

Urea Bacteria in Sand and Solution.—The urea-fermenting bacteria 
differ from the previously mentioned bacteria by the circumstance that 
they can provide for their energy by hydrolysis, without using oxygen. 
However, they are aerobic bacteria and cannot live in the entire ab- 
sence of oxygen. They need the oxygen probably for some process 
in cell construction, and this amount is so small that for some time, 
they were considered to be facultative anaerobic. 

The arrangement of the experiment was similar to the preceding. The 
nutrient medium was a solution of 5% of urea and 0.2% of citric acid. 
To 1.5 liters of this was added 20 ce. of bouillon. The culture used 
which was not pure, was obtained by putting soil into a little of the 
above solution until fermentation started, and then transferring several 
times in the same medium. The urea solution was inoculated heavily 
with this culture containing an accumulation of bacteria. The medium 
was then transferred by means of sterile pipettes into flasks containing 
each 100 g. of sterile sand. The ammonium carbonate was determined 
by diluting and titrating aliquot portions with tenth normal acid 
and methyl orange. The experiment was carried out by Mr. H. K. 
Wright. 

TABLE XVII. 
Urea Fermentation in Sand and Solution. 


(Per cents of (NH4).2CO3 per 100 cc. of solution.) 


3 0 12 LGMeos 28 
days. | days. | days. | days. | days. | days. 
C%) | (%) | (%) | (%) | (%) | C%) 
NOOK San Ge He CCISOLIPIOM Go eins nota s Abe ie, ie) o's Gieyectus. o.-fs)o,ees OL) ONTS OSL Ol 27a | Orst Of25 
NOClevSands al OFce Solution nr asses arecrere ese ete ee ass 0 | 0.49 | 0.11 | 0.27 | 0.24 | 0.20 
LOOKS Sands-) 15. ce@SOlUiONs 25. Se se facie ee so tem ae ONO RS SAO 2500.21 30% 0 
NOOSE Sand =-sZO"CCSOlutION aac: cee ceo Mi oe 2 ne oe OF Ls | OP65 0-23) | Orcs 0 
| 
HOOKS: Sand! 2.5 (Ce SOMITIOM Ss sete oer fake ore ousgeie use s1sueyaueas s O50. 5310562) |e NOso2alp FO). 
LOO Sand = -- 530 CC SOUL OMG cee lectin ee tae So See 0 | 0.40 | 0.99 | 1.02 | 0.26 | O. 
POOVe Sand '-'/50):CC SOMGION. cnjistcry-opcpe ele wer cy c¥s 100) 20 aveye wie OF} 08. jee 19 1.40 | 2.34 2.55 
LOOres Sand) "tS VOO'ee/SOLILION 1. rene ate pols sere cis 2 ots 0 | 0.05 | 0.38 | 1.84 | 2.438 | 2.60 


The agreement of the data is not satisfactory because of the inac- 
curate method of analysis and of the evaporation of ammonia in the 
drier samples. Perhaps the fact that no pure culture was used, also 
influenced the results. It can be concluded with certainty, however, 
that the optimum conditions are not at 10% moisture, but over 20%. 
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One could perhaps conclude that the sand has practically no influence, 
except that it prevents fast development in the drier samples. A more 
conclusive experiment with a real pure culture could not be made for 
lack of time. 


IV. LIFE CONDITIONS FOR ANAEROBIC MICROORGANISMS IN SOIL. 


After the previous discussions, the conditions for anaerobic develop- 
ment can be foretold *o some extent. The situation is simply that 
changes of the moisture film will influence anaerobic and aerobic bac- 
teria in the same way, the effect being entirely of physical nature, while 
the changes due to aeration will have the reverse effects upon anae- 
robes. The deductions are, therefore, the following: 

1. The thicker the moisture film, the better the growth. The thick- 
ness of the moisture film increases with grainsize and moisture content. 

2. The less aeration, the better the growth. Aeration decreases with 
with decreasing grainsize and with increasing moisture. The differences 
between aerobic and anaerobic organisms in soils are this: Aerobic 
bacteria are, under all circumstances, favored by a large grainsize, be- 
cause it increases the thickness of the moisture film as well as the 
aeration. The moisture content, though necessary in a small degree, 
reduces aeration very much and is by no means of unlimited benefit. 
Anaerobic bacteria are, under all circumstances, favored by moisture, 
because it increases the moisture film and, at the same time, reduces 
aeration. Increase of grainsize increases the aeration faster than the 
thickness of the film, so that one might be led to believe a small grain- 
size most favorable. However, another feature has to be considered. 
A thin moisture film, which is necessarily the result of a small grain- 
size not only retards the food supply, but at the same time, favors 
the oxygen supply. It must be kept in mind, further, that the anaerobic 
bacteria use practically no oxygen at all, and therefore the ventilation, 
or oxygen exchange, is of no importance. The oxygen present in the soil 
is the retarding factor, its replacement is unnecessary since it does not 
disappear. Therefore, the most important thing for anaerobic bacteria 
is the thick moisture film, and this increases with the grainsize. Con- 
sequently, a large grainsize is most favorable for pure cultures of 
anaerobic bacteria. 

Alcoholic Fermentation.—An experiment illustrating this point has 
been carried on as early as 1885 by Soyka*. His solid medium was 
glass beads, 0.54 mm. in diameter, his organism was Saccharomyces 
cerevisiae, his medium a sugar solution, the composition of which is 
not given in the abstract. The yeast inoculum was varied from 5% 
to 17% of the liquid. The fermentation was carried on for 12 hours, 
and the results of the analysis are given as “fermented sugar in per 
cents of total sugar.” 


7 *Quoted after Handbuch der Hygiene (Pettenkofer und Ziemssen) 1887. Erster_Teil, Zweite 
Abteilung, 3 Heft: Der Boden, von Soyka; p. 227. 
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TABLE XVIII. 


Alcoholic Fermentation of a Sugar Solution with Glass Beads. 


Moisture in per_cent. Sugar fermented. 

: Glass |] Contact surface 
Solution. beads. solid to liquid. 

of of pore 5% 11.4% 17% 

weight. space. yeast. yeast. yeast. 
IGFCCEY. cc's 0 LOO oi ecctovovarct svctete 50-53 75.6 89.3 circ 8 sq. cm. 
1OGe:. -. =| 33.0 23 150 56.6 86.0 87.5 | 1,300 sq. cm. 
MOECG:. ctecye 49.5 17 100% 65.6 83.9 93.0 2,000 sq. cm. 
10) (los eR 62.0 14% 56.2 78.6 93.0 2,500 sq. cm. 
TOPCO. 99.0 9% 50% 37.5 57.0 93.0 4,000 sq. cm. 
NOTCE Se siete 165.0 5% 30 37.5 57.0 76.0 6,600 sq. cm. 
N) OSes 247.0 4% 20 30.5 36.0 71.0 9,900 sq. cm. 
TOTCC ie sve 495.0 2 10 0 28.6 63.6 | 19,800 sq. cm. 
NOWCOS Age 990.0 1% 5% 10) 0. 32.4 | 39,600 sq. cm. 


The inoculum in this experiment is so large that multiplication can 
be neglected. The active mass in the three different series was approxi- 
mately 1:2:3. The maximum fermentation was found to take place 
in the water-saturated “soil,” at 100 to 150% of the pore space. That 
the water-saturated soils are a better medium for anaerobic organisms 
than liquids without sand, has been discussed in the previous chapter 
(p. 34). 

The grainsize being constant, the fermentation is entirely regulated 
by the moisture content. Decrease of moisture will decrease the film 
diameter and increase the aeration, both unfavorable for the anaerobic 
fermentation by yeast. The result must be a continuous decrease of 
fermentation with decreasing moisture. The data prove this to be the 
case in every instance. 

The influence of the inoculum is surprisingly large. The time be- 
ing limited to 12 hours, the data can by no means be regarded as end- 
points. Otherwise, the data in all water-saturated soils should be the 
same in all three series. But that, at 2% moisture, an increase of 
inoculum from 5% to 17% causes an increase of decomposition from 
0 to 63% seems rather incredible. Since nothing is said concerning 
the method of inoculation or analysis, it is impossible to find whether 
and where there was a chance for a mistake. The moisture film at 1% 
moisture is 2.5 p, i. e. smaller than the diameter of the yeast cell. 

Bacterium lactis acidi in Sand and Solution.—Original experiments 
concerning the development of anaerobes in soil were carried on only 
with Bacterium lactis acidi. Though this bacterium is not strictly anae- 
robic, it is decidedly favored by anaerobic conditions, and the fact that it 
is able to grow under aerobic conditions to some extent is more an ad- 
vantage than disadvantage in these experiments. Especially the methods 
of handling and counting these organisms are greatly simplified since 
no precautions have to be taken to avoid contact with oxygen. 

The first experiment was carried on with Strain II* of this laboratory. 
Four different series were made, A, milk in deep layer, B, milk in shal- 
low layer (about 4 times as large a surface), C, 50 ce. milk in 100 g. 
of medium quartz sand (the milk stood a few millimeters over the sand) 
and D, 20 ce. milk in 200 g. sand which mixture allowed a good aera- 


*Concerning the properties of the two strains, see Mich. Agric. Coll. Expt. Sta. Technical Bul. 10 
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tion. The whole arrangement corresponds to the experiments of Tables 
X, XI, XII. Table XIX gives the acidity in degrees, and the numbers 
per ec. of liquid. 

TABLE XIX. 
Bact. lactis acidi (Strain IT) in Milk with and without Sand. 


A. B. C. D. 
nes Milk, deep. Milk, shallow. 100 milk + 200 100 milk + 1000 
SoE sand. sand. 
Number. Acid. Number. | Acid. Number. | Acid.| Number. Acid. 
GO Hours, vis o.. 0 490,000 14° 490,000 | 14° 490,000 | 14° 490 ,000 14° 
TENORS. <=: 535,000,000 | 56° | 562,000,000 55° | 890,000,000 | 68° | 248,000,000 28° 
24 hours...... 254,000,000 | 70° | 409,000,000 | 67° | 900,000,000 | 72° | 528,000,000 50° 
AO TIOUTSS pre cim n't 5 eat F aoe sis, oar re he | es Sar SS hl ett kcade oie tanne ba Rede SE SOMITE ar & 62° 
72 hours... ..: Laps io tantra an 90° Sigg nar Rapa | SE ah. Seeeiee 96° REE se oe: 64° 
\ + | 


The yariation in the first two samples is within the limits of error, 
and it may be stated safely that a fourfold increase of surface has practi- 
cally no influence upon this strain. In the last column, sand + 10% 
milk, the surface is increased approximately 1000 times, and the result 
is a distinct retardation of growth and acid production, especially in 
the beginning. The milk-saturated sand was the best medium, because 
it afforded more strictly anaerobic conditions than the milk, and be- 
sides, the absorption may exercise a helpful influence. 

To study the rdle of the moisture film, two larger experiments were 
carried out which are really duplicates of the above with coarse, medium 
and fine sand. The milk in shallow layer was omitted. Since the plat- 
ing and titrating required a good-deal of time, each experiment was 
divided into two sections which were carried one hour apart with 
separate checks. For all data which are compiled in Tables XX and 
XXI, I am obliged to Mr. A. McVittie. 


TABLE XX. 


Strain II of Bacterium lactis acidi. 


50 cc. of milk + 100 gr. of sand. 
Milk alone. — 


Hours. | Coarse sand. Medium sand. | 
i a | 


Bacteria per ce. | Acidity.| Bacteria per ce. | Acidity. | Bacteria per cc. | Acidity. | Bacteria per ce. | Acidity. 
| } | 


Fine sand. 


ee | Ee 
| WR ALO I {17.0° | \ woo | £17.02 | 17.0° 
Dizeausae/s | 700 | (17°52 |} O47 | 3 100 | 173° |} 700 { Th8 
‘i {| 1,300,000,000 | 62.52} _ 924,000,000 | 52.0° | 1,320,000,000 | 61.22 | 1,488,000,000 | 62.0° 
oir | | 1/320,000,000 | 63.0° | 1,248;000;000 | 52:8° | 1/560,000,000 | 61.2° | 1,728,000,000 | 62.8° 
in {| 1,470,000,000 | 73.0° | 2,040,000,000 | 75.2° | 1,592,000,000 | 78.02 | 1,704,000,000 | 74.08 
shai | | 1/620;000;000 | 73.0° | 2'680,000,000 | 75.2° | 1;618,000;000 | 78.4° | 1;720;000,000 | 76.0° 
an { | 1.580,000,090 | 81.5: | 1.900,000,000 | "81.25 | 1.840,000,000 | 92.00 | 1.762.000,000 | 85.08 
ia 1,760,000,000  82.0° | 1/424'000,000 | 91:2° | 2/080;000;000 | 92.0° | 1,928,000,000 | 86.4° 

| 

| {91.0 100.0° : 
68) SS OPE ee eee 8 Sal weet Ae Sah ers pect hn oa { $o:8 
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10 ce. of milk + 100 gr. of sand. 
Milk alone. —— 
Coarse sand Medium sand. Fine sand. 
| 
17.0° 17.0° | | 17.0° 17.0° 
eae zoo | {17-00 |} oo |{ 17-00 |} 700 (ieee } 700 |{ 17-90 
16 { 1,150,000,000 | 63.0° 770,000,000 | 28.0° | 1,120,000,000 | 32.0° | 1,360,000,000 34.0° 
Fi ie 1,240,000,000 | 63.5° 800,000,000 | 28.0° | 1,290,000,000 | 33.0° | 1,410,000,000 34.0° 
4 { 1,670,000,000 | 73.0° 940,000,000 | 55.0° | 1,260,000,000 | 57.0° | 1,500,000,000 50.0° 
soteees 1,680;000;000 | 74.0° | 1,020,000;000 | 55.0° | 1/560/000;000 | 58.0° | 1,630,000,000 | 51.0 
40 { 1,680,000,000 | 81.5° | 1,260,000,000 | 71.0° | 1,580,000,000 | 65.0° | 1,420,000,000 54.0° 
sicie.ciees 1,720,000,000 | 82.0° | 1,300,000,000 | 71.0° | 1,780,000,000 | 66.0° |................| 55.0 
91.0° 70.0° | { 65.0° | f 58.0° 
8s Ce es ee a ($10 \ a tries } ee ee | 65.0° } ee { 58 .0° 
i 
TABLE XXI. 
Strain IV of Bacterium lactis acidi. 
50 ce. 6f milk + 100 gr. of sand. 
Milk alone — 
Hours. Coarse sand. Medium sand. Fine sand. 
| 
Bacteria per cc. | Acidity.| Bacteria per ec. | Acidity. | Bacteria per cc. | Acidity. | Bacteria per ce. | Acidity 
js 
oder 100,000 | 14.7° | 100,000 | 15.7? 100,000 | 14.7° 100,000 | 14.7° 
oA Gals Ote R000,|38. 0" 5, BP, 000,000,) 3442 | 1,020,000, 000.)- SB. | 1,168, 000,000. Oe 
OSE 1, 150,000,000 36.5° | 936,000,000 34.4° 1,080,000,000 | 36.4° 1,168,000 ,000 34.8° 
48 if 1,030,000,000 | 47.5° 896,000,000 50.8° | 276,000,000 32.8° 1,064,000 ,090 444° 
iiaak i 1,080,000,000 | 48.5° 972,000,000 50.8° 432,000,000 33.2° | 1,108,000 ,000 44.4° 
72 f 1,020,000 000 57.0° | 920,000,000 60.0° | \ | 1,160,000,000 50.8° 
Renate 1 1,030,000 ,000 57.0° 1,016,000, 000 60.4° | Se ee ee TRerG 1, 400,000,000 52.8° 
69.0° 70.0° 70.0° | 0° 
USS See foi arse, weno fanosyie. era a ee { Be 
| 
10 ce. of milk + 100 gr. of sand. 
Milk alone. 
Coarse sand. Medium sand. Fine sand. 
: = 
OF 100,000 | 14.7° 100,000 | 14.7° 100,000 | 14.7° 100,000 TES 
25 { 650 ,009 ,000 BY fata 416,099,099 24.0° 616,000 ,090 23-20% 690,099,000 } 14.0° 
oes he 916,000,000 BY laa 506,000,009 25.0° 732,000,009 24.0° 736,000,000 ; 
49 { 1,160,000 ,000 490° 710,009,000 | 38.0° 720,000,000 49.0° 870,000 ,090 \ 280° 
pagaee 1,090,000,000 | 50.0° 730,000,000 | 38.0° 770,000,000 | 41.0° 910'000;090 ; 
73 { 1,060,000 ,000 Giyeaty 630,000,000 47.0° 710,000,000 43 .0° 840,000,090 K } 20.0° 
TS ae 1 340, 000, "000 Be02 670,000,000 48 .0° 810,000,090 44.0° 930,000 ,000 ; 
69.0° f 47.0° | f 29.0° 
198 ee as ee a ey 17092 \ ee ee i ee a es 1 50.0° } eevee resreseveee \ 30.0° 
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The data of the two tables confirm generally the deductions in the 
beginning of this chapter. Strain IV proves more sensitive against oxy- 
gen than Strain II. Both thrive best in the saturated sand of coarse 
and medium grain size, while the development in the fine sand is not 
as good. This is probably caused by the too thin moisture film. In the 
very beginning, the difference in the various grainsizes is not very 
noticeable, because there is plenty of food in the near surroundings of 
each cell. But when this is all used up, the food has to diffuse farther 
away, at the same time the acid accumulates around the bacteria. The 
large sized grains have large sized intervals between them, and the 
channels of diffusion are wide. With the small sized sand, the moisture 
films between the sand particles are very thin, and diffusion is slow, re- 
tarding growth and fermentation. Strain IV shows even at the last de- 
termination no probability of the fine sand finally reaching the stand- 
ard of the coarser sands. 

In the sands with 10% milk, the growth and fermentation is retard- 
ed in each case, and the inhibiting effect increases with decreasing 
grainsize. The reasons for this have been given in the beginning of this 
chapter. The differences between fine and medium sand are greater than 
between medium and coarse sand, corresponding to the greater differ- 
ence in grainsize and inner surface. Some of the data do not conform 
with the rest, due probably to irregularities in growth or analysis. It 
must be remembered, too, that for each determination had to be used a 
separate culture. ; 
V FINAL CONSIDERATIONS. 


The experiments in this paper were undertaken with the object in 
view to study in what way the soil as a culture medium varies from 
the solution. The chemical side of this question has hardly been touched 
in this paper, and the physical side has been discussed only in relation 
to grainsize and moisture. One important phase of physical influence, 
namely, the humus bodies, have been omitted entirely. They are quite 
essential, however, on account of their spongy nature, influencing the 
available water. The author expects to attack this problem in the near 
fnture. : 

A development of these studies is possible in two directions, extending 
either into the chemical influences of the soil upon the bacteria or into 
symbiosis. The possibilities of chemical influences can hardly be all 
enumerated because they are so manifold. The experimental side should 
make no difficulties. The study of symbiotic decompositions, however, 
will require great experimental skill, cautious work, and very much 
time. Yet, it is one of the most urgent needs of soil bacteriology. Only 
such organisms can be tried in symbiosis whose requirements for ex- 
istence are well known and whose metabolism can be followed closely by 
chemical analysis. 

It is very evident that the results of these laboratory experiments are 
not directly transferable to field conditions. The statement that the 
coarsest grained soil will give the best conditions for aerobic bacteria is 
true only if the water content remains constant. A coarse-grained sand 
in a field will dry out so fast that bacteria find optimum conditions 
only for a few days during the year. Ground water changes and drain- 
age will bring oxygen into the deeper layers of the soil occasionally, 
and as a matter of fact, the conditions in farming soils are changing 
from aerobic to anaerobic conditions continuously. It may be stated, 
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in brief, that the climatic conditions and their consequence as change in 
moisture and ventilation, are not included. 

While the data of this paper must be translated to field conditions, 
they apply directly to such tests of bacterial efficiency as the Remy or 
the Stevens method. 

VI. CONCLUSIONS. 

For the comparison of bacterial efficiency in soil, and for the study 
of the influence of soil upon microérganisms, it is necessary to use equal 
volumes of soil solution as the basis of comparison. 

The amount of oxygen that diffuses into a solution under ordinary 
laboratory conditions, i. e. in a test tube or flask, is by no means sufficient 
to allow maximum growth of aerobic bacteria. The experiments with B. 
mycoides, Bact. aceti and Azotobacter show that the development in- 
creases with decreasing thickness of the layer of moisture, the maximum 
being reached at a thickness of 10—20 ». Experiments concerning the 
oxygen requirements and oxygen tolerance of bacteria should be car- 
ried on with very thin liquid films, as they are found in a coarse sand 
with 5 to 10% moisture. 

If the moisture film becomes less than 10 » in thickness, the develop- 
ment of bacteria is retarded, because though the oxygen supply is abund- 
ant, the diffusion of food to the cells and the diffusion of metabolic 
products from the cells is not sufficient to allow the fastest metabolism. 
In this case, the growth will be slower, but the endpoint of decompo- 
sition will be the same if the moisture film is thick enough to permit a 
complete though slow exchange of food and products through the whole 
soil solution. The rate of decomposition in such soils depends conse- 
quently upon the number of cells and their even distribution. If the ~ 
film becomes very thin, the diffusion ceases almost completely and the 
cells may die from starvation. 

Aeration and thickness of the moisture film are the two controlling 
factors in quartz sand cultures. They may be considered as the two 
main physical factors of the soil. They depend both upon the average 
grainsize and the moisture content. 

Aeration increases with the square of the grainsize, while the moisture 
film increases in direct proportion to the grainsize. A coarse soil is, 
therefore, of advantage to aerobic bacteria. Aeration decreases with 
increasing moisture, and the moisture film increases, consequently mois- 
ture is desirable only to a limited degree, namely, until the surface film 
reaches the optimum thickness. 

The grainsize of the cultivated soils is so small that the optimum 
moisture film is reached only in the waterlogged state. Such soils will 
never reach the maximum rate of decomposition, because the ideal con- 
ditions of maximum aeration and optimum moisture film cannot be ful- 
filled at the same time. The rate of decomposition is necessarily slow, 
but the final endpoint of decomposition may be the same as in coarse 
grained soils. 

Anaerobic bacteria are favored by increasing moisture, since it in- 
creases the film diameter and decreases aeration. They are also favored 
by a large grainsize. The grainsize of soils may be so small that even 
saturation with water does not afford optimum conditions for anaerobic 
bacteria on account of too slow diffusion. 

Absorption plays a minor réle in the bacterial activity of quartz sand 
cultures. 
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FOREWORD. 


Technical Bulletin No. 17. 


BY GEORGE J. BOUYOUCOS. 


For nearly two years Dr. Geo. J. Bonyoucos has been making a study 
of some of the factors affecting the temperature of soils. A description 
of some of his work and the conclusions drawn therefrom form the sub- 
ject matter of this bulletin. 

This work has been deemed important for the reason that some of 
the conclusions usually accepted concerning soil temperature have not 
been satisfactory—have not seemed to accord with observed facts. Ap- 
parently these conclusions have been drawn, in part at least, from 
analogy, and in part without giving due weight to other physical fac- 
tors involved. Working with facts rather than from analogy, and giving 
to various factors their proper values the general problem becomes 
clearer and the conclusions are in accord with the facts of soil behavior. 

JOS. A. JEFFERY, 
Soil Physicist. 


INTRODUCTION. 


Soil temperature is one of the essential limiting factors of plant 
growth. It affects the three most important functions in the soil: the 
biological, the chemical, and the physical, and thereby controls to a 
very large extent, the productive power of a soil. 

The biological effects at once become evident when it is considered 
that all life depends not only for its progress, but also for its existence 
upon soil temperature. Indeed, the germination of seed, the maximum 
growth of plants, the multiplication and functions of the lower organ- 
isms, the taking up of food by plants through osmotic processes, etc., 
depend to a very large extent, upon soil temperature. Moreover, all 
these biological processes attain their maximum end not at the mini- 
mum, nor yet at the maximum, but at the optimum temperature, which 
optimum temperature is different for the various kinds of life. 

To preceive the chemical role that temperature plays in the soil it 
will suffice merely to mention that it is a great accelerator of all 
chemical reactions: it influences the solvent action of water; it influ- 
ences the velocity of the reaction; it increases the osmotic pressure of 
the solution; it favors the formation of nitrates; it hastens the weather- 
ing of mineral material and the decomposition of organic matter. 
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From the physical standpoint temperature affects many processes 
in the soil: it causes a movement of the soil moisture and of the salts 
due to the change in their surface tension and viscosity; it produces a 
movement of air on account of the change in pressure. A change in 
temperature also causes a disintegration of the rocks or soil material 
due to expansion and contraction. 

These biological, chemical, and physical functions of soil tempera- 
ture emphasize the great importance of the subject and the need for a 
thorough and extensive knowledge concerning it. Unfortunately our 
present knowledge of it is very limited. The reasons for this may 
be divided into two general groups: (1) We do not yet know abso- 
lutely the nature of heat and hence of the temperature; and (2) our 
present methods for measuring soil temperature are very unsatisfactory. 

That our knowledge of the nature of heat is yet uncertain will be 
at once evident if the two views concerning it are considered. The 
static view considers heat as being a substance and designates it as 
caloric. The dynamic view, on the other hand, considers heat as a 
mode of motion; or as a measure of the internal energy of the mole- 
cules of the body. All bodies, it maintains, consist of molecules in a 
state of vibration and the energy of the motion of these molecules 
determines the temperature of the body; that a difference of tempera- 
ture between two bodies merely means that a difffference exists in the 
energy of their molecules; and that this difference may be equalized 
with the lapse of time by radiation, conduction, and convection until 
equilibrium results. This. dynamic theory of heat established by the 
experiments of Rumford, Davy, and Joule, has been the accepted view 
of modern physics, while the static theory has been entirely abandoned. 
Very recently, however, Callender suggests the idea that this old, dis- 
carded caloric theory may be right after all. He maintains that what 
we call heat and measure as heat, is merely the energy of heat, the heat 
itself may well be a substance that carries energy as a stream of water 
carries the energy that turns the mill-wheel. 

These different views concerning the nature of heat go to show that 
after all we are not absolutely sure what heat is, of the laws govern- 
it, ete., even tho modern physics considered it one of its triumphs that 
it had demonstrated beyond doubt the nature of heat from the dynamic 
standpoint. 

Undoubtedly by far the greater part of our limited knowledge of 
soil temperature is due to our unsuitable and unsatisfactory methods or 
instruments employed for its measurement or study. Until very recent- 
ly, in fact in all the soil temperature studies that are on record, the 
mercury thermometers have been used almost exclusively as a means 
for the measurement of temperature. These instruments, altho in use 
in almost all scientific temperature investigations, are far from being 
very satisfactory for the measurement of soil temperature. One of their 
serious defects is the unequal length. of their mercury bulbs, which 
gives rise to the difficulty of measuring accurately the temperature of 
the same depth of different soils. In the second place, if the stems 
are of the same length and the bulbs are placed at different depths, 
there will be unequal mercury columns exposed to the atmosphere, and 
thus, on account of the marked difference of temperature in air and 
soil, there will undoubtedly be an error introduced in the data. 
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Both these obstacles, however, could be eliminated or obviated to 
a very large extent by having thermometers made to order with the 
same length of bulbs and with the proper length of stems. But there 
are still other disadvantages connected with such instruments such as 
(1) their fragibility and consequently their unsuitability for long dura- 
tion or permanent experiments; (2) their inconvenience for reading 
and consequently the errors that may arise due to parallax; and 
(8) the adhering of the mercury column to the stem thus giving low 
or high readings. 

Perhaps on account of these difficulties, and also because of the many . 
other complex obstacles involved, the general subject of soil tempera- 
ture has heretofore received comparatively little investigation. In fact, 
there is on record no extensive, thoro, and systematic investigation on 
the subject. Considerable work has been done on certain individual 
phases of the problem. The first and best scientific study of the sub- 
ject has been done in Germany by Wollny and his associates. In no 
other country has the subject received much attention. In America the 
only important studies are the few practical observations made by 
King, and the recent work of Patten on heat transference in soils. 

While the greater part of the past work is good so far as it goes, 
there is considerable which is rather inferior, the results of which have 
led to many erroneous and faulty conclusions. Many of these unsound 
conclusions have been deducted from short duration experiments; from 
only one phase of the subject; and from results which were obtained 
under too artificial conditions. The subject of soil temperature is a 
most complex problem, and in order to arrive at proper, definite and 
valid conclusions, it must be investigated from all standpoints, and as 
far as possible, under both natural and controlled conditions. That 
the subject demands a broad study for arriving at definite and sound 
conclusions, is evidenced by the great number of factors which affect 
or influence it. These factors may be divided into two general groups, 
intrinsic and external. The intrinsic factors are those contained in the 
soil, such as specific heat, specific gravity, heat conductivity, radiation, 
absorption, moisture content, organic matter content, concentration of 
solution, evaporation, nature of surface, topographic position, etc. 
The external factors consist of the meteorological elements, chief of 
which are the air temperature, sunshine, barometric pressure, wind 
velocity, dew point, humidity, precipitation, ete. Each one of these gen- 
eral groups may be subdivided into two parts, one part tending to im- 
part heat to the soil and thereby raise its temperature, and the other 
part tending to take away heat from the soil and thereby lower its 
temperature. These opposing factors are in operation all the time, 
but some predominate over the others at different seasons of the year. 
A temperature record, therefore, taken at any time under field condi- 
tions may be considered to be the resultant or summation of the effects 
or forces of these opposing or contesting factors. 

In view of the paramount importance of the subject, of our limited 
knowledge, and the uncertainty of many conclusions concerning it, 
it has seemed essential and justifiable to undertake an investigation 
of the problem. Such an investigation, however, to be of the greatest 
value should be conducted more thoroughly, extensively, and system- 
atically than it has been heretofore. Accordingly the policy followed 
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has been the following: First, to investigate individually or in com- 
bination, many of the chief soil factors affecting the soil temperature; 
second to study the effects of these various factors on the temperature 
of the soil under field conditions; and third, to ascertain the relation- 
ship between soil temperature and the different meteorological elements. 

By attacking the problem from this broad standpoint, and by using 
the same kinds of soils for the study of many of the soil factors, it 
was thought that the work would yield more definite and conclusive 
knowledge, and it would also enable us to form a better and more defi- 
nite idea as to the magnitude of these respective temperature factors, 
also which ones are most predominant and play the greatest role in 
determining or controlling the warmth of the soil. 

In the present bulletin are reported the results of the completed 
laboratory experiments and the results of only one year of the field 
experiments. It is hoped that the latter experiments will be conducted 
through a number of years and that the data will be reported from time 
to time. 


SPECIFIC HEAT OF SOILS. 
OBJECT AND METHOD OF EXPERIMENTATION. 


Specific heat is defined as the number of calories needed to raise one 
gram of a substance 1°C. The specific heat of soils has received at- 
tention from various investigators at different times, uotably from 
Pfaundler,! von Schumacher,’ v. Liebenberg,’ Lang,* Ulrich,° and Patten.° 
The results obtained by these investigators for the chief soil types are 
given in the following table: 


TABLE 1.—SPECIFIC HEAT OF SOILS. 


Pian Se We aa Lang. Ulrich. | Patten. 
Dan ersbn tierce cate ercustere tes = 0.203 .128 SP? .196 .191 .186 
Roam Pte Aseeeh aed o eee 0.208 .205 -188 .214 .208 .204 
CHEN ain Gro GOS Bel 6 Bohs SCID En biothor i aerreee .190 .161 se-ES} 224 als 
PGR A Notte ott Section thre rete OR 50 te lercterer hehe .301 477 AAS eee. be as 


It is evident that the specific heat of any one type of soil, as found 
by the different experimenters, is significantly different. The reason 
for such disagreement is undoubtedly due (1) to the difference in com- 
position of the material, even tho it is designated by the same name; 
(2) to the different metliods employed; and (3) to the difference in 
technic in the manipulation. 

Since it was necessary to know the exact specific beat of the particular 
types of soil which were to be used for the various phases of soil tem- 
perature study, and since such knowledge could not be obtained from 
the above data, it was deemed essential to ascertain it directly. 

3) Ann. d. Physik u. Chemie 5. Reihe, 9 Bd. (1866): 102-135. 

(2) Die Physik Des Bodens, Berlin (1864): 245. 

(3) Habilitationschrift Halle 1875. 
3) Forsch. a. d. Geb. d. Agrikulturphysik Bd.1,: 109. 


Forsch. a. d. Geb. d. Agrikulturphysik Bd. 17: 1. 
6) Bul. 59, U. S. Dept. of Agri., Bureau of Soils. 1909, 


494 STATE BOARD OF AGRICULTURE. 


There are a large number of methods employed for specific heat 
determination of solid materials, but they are all based upon the method 
of mixtures. While numerous as are these methods, they are all de- 
fective; an error enters into all of them due to the loss of heat during 
the operation. 

The method employed in the present study was devised in the course 
of the investigation and was adopted in preference to a large number 
of others that were tried. This method consists in wrapping a defi- 
nite weight of soil in a known weight of filter paper, tying the latter 
with a very fine thread, then suspending it in a heater at a temperature 
of about 97° C. After the soil remained in the heater for two or more 
hours and had attained a constant temperature it was dropped at once 
into the calorimeter and stirred vigorously until the maximum tem- 
perature was indicated on the thermometer. This temperature was usual- 
ly obtained in about one minute. The filter paper upon coming in con- 
tact with the water would immediately break up and allow the soil 
contained to mix with the water and thus give up its heat more rapidly 
than if it had been enclosed in a water-tight vessel as has been done by 
several investigators, which process delays the reaching of the maximum 
point on account of the poor heat transference of the soil material. 
Both the free soil and the filter paper upon becoming wet increased 
the temperature, but this increase was deducted from the final calcu- 
lation by ascertaining it in a separate experiment wherein was used the 
same amount of soil, filter paper, and water as in the regular determina- 
tions and having them at about the same temperature (25° C.) The 
temperature increase due to wetting of the various dry soil powders 
is considerable, as will be shown subsequently, and unless it is taken 
into consideration in the final calculation of the results the latter will 
be altogether too high, especially for certain soils. The size of particles 
also influences the heat generation due to wetting, consequently in all 
the different kinds of soils except the gravel, whose specific heat was 
determined, the same size of particles was used, i. e., those which could 
pass thru a 40 sieve mesh. 

In the determination of the specific heat of the peat it was found 
that this material would not settle to the bottom of the calorimeter 
and consequently considerable heat would be lost before the cover of the 
calorimeter was put on and the stirring process begun. To overcome 
this difficulty and thereby eliminate the error, a piece of copper was 
placed with the soil which would cause the soil to immediately fall 
to the bottom of the calorimeter. The specific heat or water equivalent 
of this copper piece being known would be deducted from the final 
calculation of the results. In all these specific heat determinations the 
temperature was taken by a Beckmann thermometer, and the specific 
heat apparatus employed was of McCall’s type. 


SPECIFIC HEAT OF SOILS BY EQUAL WEIGHTS. 


The following table represents the specific heat of the different types 
of soil as determined by the above method, and the different individual 
data necessary for the calculation of the same. The mechanical 
analysis of these different types of soil is shown on table 18a. 

This table shows that the specific heat of the different types of soil 
varies very little, that of the quartz sand is the lowest, followed in order 
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by gravel, clay, loam and peat. The specific heat of the latter soil as 
determined in this investigation, is very interesting because it is just 
about half as great as that given to it by some other investigators. 

In the above table is also shown the amount of heat generated by 
the different soils when wetted. It will be seen that this quantity of 
heat is considerable and becomes greater as the organic matter of the 
soil increases. In this respect it follows the same law as the specific 
heat. 

The slight difference in the specific heat of the different soils, as 
shown above, points to the important conclusion that this property 
plays an insignificant part in the heat relationships of these soils. 


TABLE 2.—SPECIFIC HEAT OF SOILS BY EQUAL WEIGHTS. 
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SPECIFIC HEAT OF SOILS BY EQUAL VOLUMES. 


The next question that arises is what is the specific heat of these 
same soils when considered from the standpoint of equal volumes. 
Practically speaking it is the specific heat by equal volume that is im- 
portant from the agricultural standpoint and not the specific heat by 
equal weight. In the field it is the depth or volume and not the weight 
that is heated that is important to the plant. 

The specific heat of a soil by equal volume can be obtained by multi- 
plying its specific gravity by its specific heat by weight. The results 
obtained by this process are shown in the following table: 
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TABLE 3.—SPECIFIC HEAT OF SOILS BY EQUAL VOLUMES. 


Specif Specific Specific 
= : pecific eat, eat, 
Name of soil. gravity. equal equal 
weight. volume. 
STNG Laat aie Fa ga dlen RS nena Steg tr daar tt rh EERO IGE ar clones ACN ead, Sic 2.664 1929 5093 
eran ee ale ata. Whe SEL Catan dicie Joh § Pe vad whee Swale’. tp Pnererg 2.707 2045 5535 
CE Oat Aen ne Cre ob ete Efe ate he ot Sn Bees ad 2.762 2059 5686 
MELT EN ote tee in oe waa Se aoe ae dedls evel ee ore ln) G eam elas eibyA Nee uemaS stn SN) aay ne 2.558 2154 5507 
SSE cea on Os das LOR bie ene fares SONS ong al Riel tos tener aria cia are L755 2525 4397 


It will be seen that the difference in the heat capacity considered 
from the equal yolume standpoint is also small in magnitude between 
the different soils, but that the order is very different from that of 
the specific heat by equal weights. In the latter case peat has the 
highest specific heat and is followed in order by loam, clay, gravel, and 
finally by sand; while in the case of equal volumes peat has the lowest 
specific heat with sand, loam, gravel, and clay coming next in respec- 
tive order. 

INFLUENCE OF MOISTURE ON SPECIFIC HEAT OF SOILS. 

In field conditions the specific heat of soils by equal volume is also 
unimportant because the different soils in their natural condition pos- 
sess different amounts of water on account of their different water 
holding capacity, and water as will be shown, is one of the predominant 
controlling agents of soil temperature. With the exception of hydro- 
gen gas, water possesses the highest heat capacity of any other sub- 
stance. In comparison with that of the dry soils, it is five times greater. 
This is very significant because it means that it requires five times as 
much heat to raise the temperature of a unit quantity of water to one 
degree as is necessary for a unit weight of soil. The different types 
of soil possessing markedly different water contents, will have entirely 
different specific heats than those shown above. 

To correctly value the tremendous influence that soil moisture has 
upon soil temperature, this moisture must be determined by volume. 
Such determination, then, gives a true comparison of the amount of 
water the different soils may hold under natural condition, which con- 
dition from the agricultural or practical standpoint is the most import- 
ant and satisfactory. 


TABLE 4.—EFFECT OF MOISTURE ON THE SOIL TEMPERATURE. 


|Rise of temp.|Rise of temp. 
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April 3, 1912: 
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The moisture content by volume of all the types of soil in which the 
specific heat has already been considered, has been determined in the 
following manner: The weight of a cubic foot of each soil was de- 
termined in the regular way. Their moisture content was found under 
the same field conditions many times during the year: in the early 
spring before they began to thaw, in the middle of the summer, in the 
late fall when they began to freeze, after a long drought, and imme- 
diately after a heavv rain. The percentage of the moisture content 
found under this variety of conditions multiplied by the weight of a 
cubic foot of soil gives the amount of water contained in that volume 
of soil. Knowing the specific heat of water, the influence that the 
moisture content exerts on soil temperature can readily be calculated. 
The table below represents the number of degrees Centigrade that 100 
heat units will raise or lower the temperature of a cubic foot of the 
different types of soil. 

A careful examination of the table reveals many striking and signifi- 
cant facts. It shows (1) that on account of the great difference in the 
weight of a cubic foot the influence of the specific heat of equal weight 
is offset go that the peat which possesses the greatest heat capacity 
but the lowest weight has its temperature raised about twice as much 
as that of the sand and gravel which have the lowest specific heat but 
the greatest weight; (2) the differences in the moisture content are so 
great in the different types of soil that the influence of the weight of the 
soil on the temperature is again offset or overshadowed so that the 
peat which in the dry condition is about twice as warm as the sand 
or gravel, is now from two to three times colder than the latter soils. 
This latter fact was actually obtained also in field conditions. The 
peat for instance, remained frozen in the spring about 10 days longer 
and in the fall it usually froze after the other soils had frozen. All 
these facts lead to the important conclusion that while the specific heat 
as well as the weight play some important part on the ultimate soil 
temperature, and especially on its ascent and descent, their influences 
are minimized and indeed overshadowed by the tremendous influence 
of water with its great heat capacity. Hence it cannot be determined 
with certainty what the rising or lowering of temperature will be of 
any particular group of soils merely from the specific heat and weight 
of a cubic foot, unless the water content also is known. 


HEAT CONDUCTIVITY OF SOILS. 


OBJECT AND METHOD OF EXPERIMENTATION. 


Heat conductivity is defined as the quantity of heat in calories which 
passes across a cube of unit edge (1 cm), in unit time (1 second), under 
a uniform temperature gradient of one degree centigrade per centimeter. 

Heat conductivity is one of the three modes of heat propagation, the 
other two are radiation and convection. These three modes of heat 

63 
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transmission are independent of and essentially different from each 
other. In the process of conduction the heat is transferred from one 
body to another, or from one part of the body to another part by con- 
tact, or by means of the molecules; while in radiation the heat is 
propagated as a free-wave motion in the ether without permanently 
affecting the intervening space between the radiating body and the body 
receiving the radiant energy. The process of convection, on the other 
hand, takes place chiefly in liquids and gases, where heat is conveyed 
or transmitted by the interchange of the unequally heated currents of 
these liquids or gases. 

Heat transference in soils has already received considerable atten- 
tion from inyestigators. Especially important is the work on the sub- 
ject of *Haberland, v. *Littrow, *Pott, *°Wagner and “Patten. The 
method of study of all these investigators consisted in determining the 
heat conductivity of powders of soils of different sized particles in dry, 
moist, and wet condition, and with different degrees of compactness. 
The materials were placed in a well-insulated vessel, one side of which 
consisted of some metal which was brought in contact with a constant 
source of heat. The results obtained by Haberland, vy. Littrow, Pott and 
Wagner are only relative or qualitative, while those of Patten are 
quantitative. 

While the results of all these investigations are valuable and interest- 
ing, they have only a theoretical and suggestive value, because they 
were all obtained under artificial conditions. It is a well-known fact 
that it is practically impossible to imitate in the laboratory the abso- 
lute condition which the soil possesses in the field. The heat conduc- 
tivity is noticeably influenced by many factors, especially by texture, 
structure, and moisture content. When one of these factors is changed 
the others also are changed. Under field conditions, the soil, from long 
standing, has given these factors an opportunity to come to equilibrium 
and, therefore, it will possess a certain rate of heat transmission at any 
given time. In the laboratory, however, these factors cannot be brought 
into equilibrium, and hence the heat conductivity measurements under 
this condition have mostly a suggestive and theoretical value, however, 
qualitative or quantitative they may be. 

In order that data on the heat transmission in soils may be of prac- 
tical value, they must be obtained under natural field conditions. There 
are many difficulties that arise or are involved in such operations which 
tend to minimize the importance of the results. In the first place, the 
different soils possess different shades of colors and would tend to ab- 
sorb heat unequally and, therefore, would be heated unequally. In the 
second place, the different soils contain different amounts of moisture 
and different powers of capillary rise of water, hence there will be 
unequal evaporation of water on the surface, and consequently a differ- 
ent rate of heating. 

(7) Wissenschaftl. praktische Untersuchungen auf dem Gebiete des Pflanzenbaues. Wein 1875. 

(8) Sitzungsber. d. k. Akademie d. Wissenschaften 2, Abteil, Wien 1875. Januarheft. 

(9) Landw. Versuchs-Stationen Bd. XX: 273 u. f. 


(10) Forsch. a. d. Geb. d. ae ae Bd. 6:1 u 
(11) Bulletin 59, Bureau of Soils, U. 8S. Department of Agriculture. 
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HEPAT CONDUCTIVITY OF NATURAL SOILS UNDER LABORATORY CONDITIONS. 


The next best way to study the heat conductivity which would yield 
data of practical as well as of theoretical value, would be to cut cores 
of soils at different seasons of the year, depending upon the meteoro- 
logical elements which would bring the soils under the different condi- 
tions of moisture, texture and structure, and thus measure the heat 
conductivity of these cores of the different kinds of soils under controlled 
laboratory conditions. In the present investigation, that is just what 
was attempted. The method of operation was as follows: Four plates 
of iron 8 inches long, 7 inches wide, and 1 inch thick, with their front 
and opposite edges sharpened, were pressed or bored into the different 
types of soil—which types were placed one year before in adjacent 
wooden boxes 8x3x8 ft., without top or bottom, as will be explained 
later—so as to form a square. The soil around the outside of the plates 
was then removed to its full depth. The plates came out and left 
the core of the soil standing. A wooden box 8 inches deep, 6 34 inches 
wide, and 1 inch thick, was placed over this core until the top soil was 
even with the upper side of the box. Next a copper plate was fitted on 
this side of the box which came in intimate contact with the top of the 
soil. The bottom of the core was next severed from the ground with 
a sharp knife, then smoothed and kept in place by a wooden cover. This 
whole operation, i. e., driving the plates into the ground, placing the 
box over the core, severing the core from the ground, was done with the 
greatest possible care so that the structure of the soil core may not be 
disturbed. Precautions were also taken to secure the core 634 inches in 
diameter so that any slight friction on the sides would not affect its 
structure. 

The box which contained the core of soil consisted, as already said, 
of four wooden sides, one wooden bottom, and one copper top. Before 
it was placed over the soil, it was boiled in paraffin. Along the center 
of the lengthwise side, 7 holes were bored one inch apart to admit 
thermometers. 

Four cores of soil were taken, one from sand, loamy, clay, and peat 
respectively. No core was taken of the gravelly soil since its texture 
would not permit the plates being driven into it without materially dis- 
turbing its structure. 

Mention has been made that the top of the core of each soil was smooth 
and came in contact with the copper plate. To be more certain of this 
a layer of moist quartz sand was placed over each core before covering 
it finally with the copper plate. There could now be no doubt of an 
absolutely perfect contact. Each box was then made air tight by paraf- 
fin so that there would be no evaporation. The soils were allowed to 
remain in the room for several hours to attain the same temperature, 
before the study of their heat transmission was commenced. 

The copper plate end of the box was placed up against the copper 
side of a tank the water in which was kept at the constant temperature 
of 33.5° C by means of an electrical arrangement shown in the diagram 
I. A is a tank filled with water, C is a 32 candle power electric light 


500 STATE BOARD OF AGRICULTURE. 


by means of which the water is heated. The bulb is connected to the 
circuit breaker or magnet D which in turn is attached to the thermo- 
stat E. F is a stirring fan run by the motor G. H is a stand upon 
which the soil box rests. This stand is brought as close to the tank 
as possible and fastened to it by means of a wire, while the soil box 
is pressed firmly against the side of the tank by means of the serew I. 

As soon as the box came in intimate contact with the source of heat, 
records of the rate at which the heat traveled through the soil were be- 
gun. The method adopted to measure this rate of heat transmission 
was to note the time when the soil box was brought to the constant 
source of heat also the time when the mercury column of each thermo- 
meter began to rise. The bulb of the thermometer was always in the 
center of the core or about 3 inches deep. 
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It will be evident that the results obtained in this way are qualitative 
and relative. No attempt was made to determine the heat conductivity 
in these cores of soils quantitatively because of the many errors in- 
volved as shown and enumerated by Patten; also because the quantita- 
tive results would not have any more significance either from the 
theoretical or practical point of view, as the state of the material ex- 
perimented upon was unstable. The method adopted, however, appears 
to have been satisfactory and accurate as the readings could be check- 
ed within two to four minutes with the exception of the peat in which 
case the time varied as much as 10 minutes. This discrepancy was 
undoubtedly due to the fact that the temperature rose so slowly in this 
soil that it was difficult to note at once the beginning of temperature 
rise as easily as it was in the other soils. 

There was probably no loss of heat from the box as the walls were 
over one inch thick and well paraffined. The room temperature also 
remained quite constant throughout the duration of this series of ex- 
periments. 

The results obtained by the foregoing procedure are shown below. 
They represent the time that elapsed from the time the soil box came 
in contact with the source of heat until the time the mercury column 
of the thermometer at 7 inches from the surface of the soil commenced 
to rise. The data for the other six thermometers for the first six inches 
respectively, are left out for the sake of simplicity. The figures for all 
soils are the averages of four trials. These tests within the same soil 
did not vary from each other more than three or four minutes except in 
the peat. 


TABLE 5.—HEAT CONDUCTIVITY OF NATURAL SOILS UNDER LABORATORY 


CONDITIONS. 

Minutes Percent time 
required for | required for 
thermome- thermome- 

Name of soil. ter at 7 ter at 7 

inches to inches to 

show rise in | show rise in 

temperature.| temperature. 

SEUNG 6 (ores rays) < Kine, ano a sin, AIPA ae Tae SS AMPERES San cool c=) aces Thc vont othaw ceo 27 100 
MORI a = Zi ahah toa to ering ae eT NE ORE ENS hie 0 LO te 49 181.5 
(01 Fo ee fe ta atacoc eR i ROO ee ogee he es ts ae 8 48 177.8 
1 is Par OPE. rs RS CE RTPI Boma cy | sieae CETPYETE DO cPe MUeLOe Cees elec eek 124.5 461.2 


The results show that the sandy soil conducts heat most rapidly and 


is followed respectively by clay, loam, and peat. 


The difference between 


the sandy soil and peat is very great, the latter allowed the heat to travel 


thru it only one-third as fast as the former. 


the other two soils are very small and in favor of the clay. 


HEAT CONDUCTIVITY OF SOILS UNDER FIELD CONDITIONS, 


The differences between 


The heat conductivity of the different types of soil under field condi- 
tions was determined by taking records every half hour by means of 
electrical resistance thermometers, which will be explained later, from 
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seven in the morning till all the thermometers in the different depths or 
at any particular depth showed a rise in temperature. These different 
types of soil were contained in adjacent wooden boxes 3x3x3 feet, 
without top or bottom, and the soils had lain there for about a year 
so that they were well compacted by the different climatic agents. They 
were also covered with a thin layer of a sandy soil so that their insola- 
tion and evaporation were more or less equalized. These half-hour 
records were made at different periods of the season depending 
upon the condition of the ground, namely, after a long drought, im- 
mediately after a heavy rain, and a few days after the rain. By mak- 
ing these observations at different times under this variety of condi- 
tions, an idea was obtained as to the relative heat conductivity of these 
distinct kinds of soils in their natural state under field conditions. The 
data thus obtained are included below: 


TABLE 6.—HEAT CONDUCTIVITY OF SOILS UNDER FIELD CONDITIONS. 


Date. Depth. Gravel. Sand. Loam. Clay. Peat. 
MUR Watouatrercrs sayrctave ete sy clea sucha on ations 6in.| 4 hrs.| 4 irs: 7630) hrs.| 16 hrs. |9 hrs. 
P2ins ee rss ad, hrs. SY rst GO. SO NTS 6 |e 
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PANEL ERTS Gree Oar asc er ocr faus wrote, ake 6in.| 4.30 hrs.| 4.30 hrs.| 7 hrs.| 6 hrs. |9 hrs. 
V2 ins 17 hrs.; 7 hrs.| 10.30 hrs.| 10 HirsY RoI Seer 
PISSED deen ty ete seh ccrs arene. 6in.| 4 hrs.| 4 hrs.) 6 hirs.| 5.30 hrs. |9 hrs. 
12 in.| 6 hrs.| 6 Hrs! sLO{3Ounrss| 10). 30ehrsipys | eerie 
September 23%) 6./2....<). he tia 6in.| 4 hrs. | 4 hrs.| 6.30 hrs.| 6 hrs. /|9.30 hrs. 
12)in.| 5.30 hrs.| 5.30 hrs.| 9 hrs.| 9 Leh a: Speed legenedeicess ae 


The figures in each case indicate the number of hours required for 
the heat to reach the two different depths from the time the air tempera- 
ture began to rise. The commencement of the ascent of the air tempera- 
ture was recorded by means of an air thermograph, which commence- 
ment usually took place from about four to six o’clock in the morning. 
The data show very conclusively that for both the 6 and 12 inch depths 
at every observation, the gravel and sand exhibit the greatest power of 
heat conductivity, followed respectively by clay, loam and peat; that 
the gravel and sand transmit the heat equally well, as do the loam and 
clay, but that the peat is the poorest heat propagator; also that the 
differences between the gravel and the sand are nil, between these and 
the loam and clay quite marked, while the difference between peat and 
any of the other soils is very great. One of the interesting points to 
be observed is the fact that the order as well as the magnitude of heat 
transmission in all these soils, is fairly constant, especially for the six 
inch depth for all the different observations. 

Attention should be called to the perfect agreement in the order of 
heat transmission of these soils as measured under the field conditions 
and in the laboratory in the natural state. This interesting parallelism 
receives most important confirmation in the table below which con- 
tains the relative heat conductivity of these soils as determined under 
the field conditions on the same day that the cores of the respective soils 
were taken. The state of the material was the same and consequently 
the heat propagation under the two different conditions can be more 
truly compared. 
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TABLE 7.—COMPARISON OF HEAT CONDUCTIVITY OF NATURAL SOILS UNDER FIELD 
AND LABORATORY CONDITIONS. 


Percent Percent 
of time of time 
; | required for | required for 
Name of soil. temperature | temperature 
at 7” to rise. | at 7” to rise. 
Field Laboratory 


conditions. conditions. 
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This table not only shows the close agreement in the order of the heat 
conductivity of the different types of soil as measured in their natural 
state under field and laboratory conditions, but also the more important 
fact that the magnitude in both cases is very much the same, except in 
peat in which case there is quite a disagreement. 

It must be stated here that these different types of soil under field 
conditions were all covered with a very thin layer of a sandy soil so 
as to eliminate the factor of color. This layer of soil incidently per- 
formed several other functions, such as the prevention of formation of 
cracks on the top of the clay and loam soils, the tendency for equalizing 
the rate of evaporation among the different soils, ete. As a result, the 
heat conduction values obtained both under laboratory and field condi- 
tions approach more closely to the true heat conducting power of these 
soils. If these different soil types were not covered with the thin 
layer of the sandy soil the clay and loam would crack on the surface 
and these cracks would increase the rate of air diffusion and thereby 
decrease the difference in magnitude of conducting power between the 
sand and gravel and the clay and the loam. 

In connection with the observations made on the heat conductivity 
of the different types of soil under field conditions, might be mentioned 
the similar studies made on cultivated, uncultivated and sod land. As 
will be stated later, the original object of this experiment was to as- 
certain the effect of these wholly different soil managements on the 
soil temperature. The temperature of. these plots was taken by means 
of thermographs, the bulbs of which were placed at two different 
depths, 7 inches and 20 inches respectively. The results obtained are 
summarized below. The figures show the number of hours required for 
the heat to arrive at the 7” depth, as indicated by the rise of 
the temperature, from the time the air temperature began to ascend. 


TABLE 8.—HEAT CONDUCTIVITY OF FIELD SOILS UNDER CULTIVATED, UNCULTIVATED 
AND SOD CONDITIONS. 


Date. Depth. a ae Sod. 
IES uncles ata.» siazon i aeie -» Ko bind y «isi « ube scerdow lores (Ss 4.0 hrs.| 5.0 hrs.|. 5.0. hrm. 
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lowed the heat to pass through it fastest and was followed in order by 
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about one hour later by the cultivated, and by about one and one-half 
hours later by the sod land. Evidently the uncultivated ground is the 
best conductor of heat, the sod the poorest, while the cultivated lies 
intermediate. The greater moisture content in the cultivated and the 
vegetation on the sod plots undoubtedly affected the rate of heat trans- 
mission. 


HEAT CONDUCTIVITY OF SOILS IN THE DRY STATE. 


Mention has been made that the heat conductivity of the foregoing 
types of soil was also studied in the air dry condition. The object of 
this investigation was two-fold: First, it was desired to ascertain the 
reJative heat transmission of these soils in their water free state as 
compared with the transmission in their moist or wet state; and second, 
to see what relationship heat conductivity has to heat radiation of soils 
in the air dry condition. 

This study was conducted in the same manner as the foregoing with 
the exception that the vessel used to hold the material was a wooden 
cylinder constructed for the purpose, instead of a box as in the former 
experiments. This cylinder consisted of white pine and was 8 inches 
long, 4 inches in diameter and with walls 1 inch thick. On one end 
was a wooden cover 1 inch thick which could be screwed on, and on 
the other was a very smooth copper plate tightly fastened on. The 
soil was poured in always from the side with the wooden cover and 
then compacted. The compacting was done by Bowman’s compacting 
machine with few modifications. This whole apparatus is shown in 
Fig. 2. A is an arrangement especially made for the cylinder to rest 
on the copper cover and placed downward. The soil was poured in 
the top of the cylinder until the latter was full and then the crank 
was turned 20 times. The cylinder was filled more and the crank was 
turned again five times. The cylinder was then taken off the pack- 
ing machine and all the edges were paraffined to make it air tight, and 
seven thermometers were placed along its axis at a distance of one inch 
apart and two inches deep. The cylinder was then placed on a stand 
as in the preceding experiment, and allowed to remain in the room 
several hours in order that the soil might acquire the room tempera- 
ture, the latter remaining quite constant from day to day. The copper 
end of the cylinder was then brought in contact with the copper side 
of the source of heat. The temperature of the water in the bath was 
kept at about 33.5°C. as in the foregoing experiment, and the time 
required for the mercury column of the different thermometers to show 
a rise was noted. For simplicity as before, only the data for the 
thermometer 7 inches from the source of heat are represented below. 


TABLE 9.—HEAT CONDUCTIVITY OF SOILS IN DRY STATE. 


Name of soil. 


Minutes 
required for 
thermome- 
ter at 7” to 
show rise in 


Percent time 
required for 
thermome- 
ter at 7” to 
show rise in 


temperature.| temperature. 
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iG. 2. SOIL PACKING APPARATUS AND CYLINDER CONTAINING THE SOIL. 
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As in the case of the preceding experiments, this study shows that 
the gravel in the air dry condition conducts the heat the best and is 
followed by sand, clay, loam, and peat respectively. 

A most interesting fact that was brought out very strikingly in 
this heat conductivity study of the different soils both in the air dry 
and moist state, was the difference in time in which the temperature 
of the column of soil began to rise at the different distances from the 
source of heat. The table below shows typical examples of this fact. 
The figures represent the time required for the heat to travel from one 
inch to another. 


TABLE 10.—RATE OF RISE OF TEMPERATURE AT DIFFERENT DISTANCES FROM THE 
SOURCE OF HEAT. 


| 
1 inch. | 2 inch. | 3 inch. | 4 inch. | 5 inch. | 6 inch. | 7 inch. 


Name of soil. 


Min. Min. Min. Min. Min. Min. Min. 
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It will be seen that the rate of flow of heat decreases until a certain 
distance is reached and then it increases. . 

A possible explanation for this phenomenon may be found in the 
rapid circulation of the soil atmosphere as eddy currents within the 
minute spaces between the soil grains. These eddy currents are prob- 
ably set up as hot soil atmosphere on one side of a soil cavity which 
expands and moves up and is replaced by the colder gases. This circula- 
tion of air or convectional currents, undoubtedly greatly decrease the 
transfer resistance and as a consequence the heat conductivity values 
obtained do not represent the true and real heat conducting power of 
the material. To obtain this it is necessary to eliminate entirely these 
convectional currents. They can be eliminated to a very large extent 
by heating the soils from the top as, is done under field conditions by 
sun insolation, but the rate of diffusion would be increased in this case. 

As a result of the part that these convectional currents play in heat 
conductivity, it is believed that the greater thermal transmitting power 
of the sand over the other soils is partly due to its capacity to allow 
a greater and more rapid circulation of air. 

It will be interesting now to compare the heat conducting power of 
the different soils in these various conditions, both as to order and 
magnitude. Attention must be called here, however, to the fact that the 
magnitude of the results of the air dry soils cannot be compared with 
those of the moist natural soils because of the fact that the size of the 
vessels in the two cases was not the same, and consequently the volume 
of the materials was not the same. Therefore the comparison must be 
made among the different soils within the same experiment. Bearing 
this in mind, it will be found then (1) that the order of the thermal 
conductivity of the different types of soil in the air dry condition is ex- 
actly the same as that of the same soils measured in the natural state 
in the laboratory and under field conditions; and (2) that the differ- 
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ences in magnitude among the different mineral soils in the air dry state 
is not very great, as is the case between these and the peat; while in 
the moist condition, the difference among the various mineral soils 
is also not highly large but there is a very great difference between 
them and the peat. This latter anomaly finds its explanation in the 
large difference in the water content of the two classes of soils. The 
variations are indeed very great, as shown in the table below which 
contains the moisture content of the different soils determined at vari- 
ous periods, also at the time when the soil cores were taken. 


TABLE 11.—MOISTURE CONTENT OF THE DIFFERENT SOILS UNDER FIELD CONDITION 
AT DEPTH OF 7 INCHES. 


Date. Gravel. Sand. Loam. Clay. Peat. 
| 
ANDY Sse, cuss 6 SS eo ee 10.45 11.96 | 40.70 29.16 256.50 
MOS TS Peco sok c Ste rarahern Op ale war eee ae 6.156 3.60 36.64 25.90 148.60 
Septeniber ‘Oat. .,iv< ate Wars, one ws Sethe eee, 10.41 5.07 41.49 31.95 159.10 
INGVETIDGIES co ic icio.g' dete ahdal ate aici nrenereRtetatere 6.91 3.78 38.12 26.81 135.50 
October 20 s.2os:be inks doe oun wee ie Y Pe 4.24 39.52 27.60 234.00 


These figures show that the peat usually contains about 25 times as much 
water as sand or gravel do and about 5 times and 4 times as much water 
as clay and loam respectively. Now it has been demonstrated that water 
exerts a tremendous influence upon the thermal conductivity of soil 
materials both on account of its high specific heat and because of its 
influence on the structure of the soil. It has been shown also that 
water is a poorer conductor of heat than the soil material in the ratio 
of 1:7 when the latter is compacted into a rock; yet water is by far 
a better thermal transmitter than air. In a well moistened state a 
soil may transmit heat many times as fast as in the air dry state. 
In the dry state the soil grains are surrounded by air which acts as 
an insulation to the passage of heat, consequently the heat transmission 
is retarded. In the well-moistened condition, however, the air is replac- 
ed by the water and the soil grains are enclosed by the water films. 
These water films perform two functions (1) they replace or expel the 
air as already stated, and (2) they reduce the pore space and thereby 
bring the soil particles in more intimate contact or in a more con- 
tinuous massive condition. It is by producing these effects that water 
increases so greatly the thermal conductivity of soils so that its own 
opposing effect, on account of its poorer power of heat transmission, is 
offset or overshadowed. If water, however, is present in a soil above 
a certain amount which amount varies with the different soils due to 
their different water holding capacities, the temperature of this gsoil 
will rise more slowly because of the very large heat capacity of water, 
which is almost five times that of the soil, yet heat will travel faster 
thru the soil in the more saturated condition than in the moist state. 
It is on account of the greater water content and hence of the larger 
specific heat that the peat shows poorer heat transmitting power than 
the mineral soils in their natural state as compared in their air dry 
condition. It is an interesting coincidence that the mineral soils and 
especially the sandy soils have both a better thermal conducting power 
and a smaller water holding capacity than the peat. These factors 
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seemingly tend to exaggerate the thermal relations of these series of 
soils very greatly. 


DIRECTION OF SOLAR HEAT IN FIELD SOILS. 


It will be interesting to consider at this time the direction in which 
the solar radiation travels thru the soil and the part that the moisture 
plays in this progression. At first thought it would seem that the sur- 
face heat will travel thru the soil equally in all directions, vertically 
as well as horizontally. Such, however, may not be the case if the sur- 
face varies in color or in other respects, as the following experiments 
seem to indicate. This point was studied in the following manner: On 
a very level and smoothed surface ground was spread quartz sand 
dyed black and very white quartz sand. On the line where the two 
sands came together, as well as on each side of this line, were placed 
at various distances, thermometers at the same and at different depths. 
The temperatures of this ground so treated were read on the thermo- 
meters on clear and sunny days. The results obtained are shown here- 
with: 


TABLE 12.—MOVEMENT OF SOLAR HEAT IN SOILS UNDER FIELD CONDITIONS. 
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The data show (1)that the temperature of that side of the line having 
the white sand is much lower than that of the side with the black sand, 
but that the temperature of the former is much higher near the neutral 
line than farther away; (2) that a marked difference in temperature 
may exist within a distance of an inch; and (8) that the temperature 
of the black sand covered soil is higher at the 4-inch depth than the 
white sand covered soil at the 3-inch depth when the measurements in 
both cases are taken at two inches from the central line. At 8 inches 
from the neutral line the black covered soil at the depth of 5 inches 
has also a slightly higher temperature than the white covered soil at the 
depth of only 3 inches. 

These results, therefore, seem to indicate very strongly that while the 
soil temperature tends to travel vertically as well as horizontally, the 
amount or the facility with which it goes in the former direction is 
greater than in the latter path. Theoretically that is what should be 
expected since heat tends to travel at a greater rate in the presence of 
larger amounts of moisture and since the moisture content of the soil 
tends to increase with the depth. 

The important question to consider next is what part heat conduc- 
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tivity plays in the control of temperature of the different soils under 
natural field conditions. This is indeed a very difficult question to 
answer definitely and satisfactorily for the reason that these soils have 
different water holding capacities, consequently the great influence that 
this inequality of water content has upon the travel as well as upon 
the rise and fall of temperature. 

It is commonly believed, however, that heat conductivity has a very 
important and beneficial influence because the soils with the greater heat 
conducting power are generally warmer both at the upper surface and 
at lower depths due to the fact that the heat travels to greater depths 
during the sun insolation and during the night or cold periods, this 
heat returns to the surface and thus keeps it warmer. In the case of 
soils of poor thermal transmitting power only their upper surface will 
be heated during the sun insolation and during the night this heat will 
be radiated into space and the soils are left cooler. 

Theoretically this argument is sound, but in nature, as shown by the 
results of the different types of soil, later to be presented, it does not 
seem to be borne out. It will be found that in the summer, fall, and 
winter months, the average temperature of all the different types of 
soil is about the same with a small difference in favor of the loam, clay, 
and peat respectively. In the spring months, however, the temperature 
of the sand and gravel began to rise sooner than that of the latter 
soils. This, however, may be attributed largely to the different amount 
of heat that is required to warm a cubic foot of the various types of 
soil to the same degree on account of their different water content. 
The sameness in temperature of these soils in the fall is also largely 
due to their different moisture content or specific heats as will be ex- 
plained. 

Everything considered it does not appear that heat conductivity alone 
plays a very important part in the warming and cooling of the soils in 
the spring and fall respectively, which seasons from the agricultural 
or practical standpoint are the most important. The force of this state- 
ment will be evident when we come to consider the results of the field 
experiments. Even the heat conductivity between cultivated and un- 
cultivated soil does not appear to be of such a great practical impor- 
tance. The difference in temperature that is observed in these differently 
managed soils is mostly due to the dry mulch at the surface of the culti- 
vated soil. 

Where heat conductivity may be of great importance and of practical 
benefit is in the spring daylight hourly march of soil temperature. If 
the temperature of a sandy soil at a depth of 6 inches begins to rise two 
or three hours earlier every day than that of a clay soil, the plants 
grown in the former soil will have that number of hours of more favor- 
able daylight growth, at which time the carbon assimilation and other 
activities are at their maximum. 
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EFFECT OF COLOR ON RADIATION AND THE RADIATING 
POWER OF SOILS UNDER DIFFERENT CONDI- 
TIONS OR TREATMENTS. 


OBJECT AND METHOD OF EXPERIMENTATION. 


Radiation has already been defined as a process in which heat is 
propagated as a free-wave motion without permanently affecting the 
intervening space between the radiating body and the body receiving 
the radiant energy. The phenomenon is likened to light. Like the latter 
it is propagated in straight lines; it is reflected and refracted; it travels 
with great rapidity; and obeys the same laws of propagation. 

Our knowledge concerning the rate of radiation or of cooling of sub- 
stances is unsatisfactory. Newton seems to be the first who performed 
experiments on the subject. From the data he obtained he enunciated 
the law to the effect that the quantity of heat lost or gained by a body 
in a second is proportional to the difference between ‘its temperature 
and that of the surrounding medium. Dulong and Petit, however, 
proved that this law is not general but applies only with differences 
of temperature which do not exceed 15° to 20°. Beyond this, the quant- 
ity of heat lost or gained is greater than what is required by this law. 

In 1879 Stefan showed, from his own researches and from recalculating - 
his predecessors’ data upon the subject, that the rate of radiation of a 
body is proportional to the fourth power of its absolute temperature. 

On account of the great complexity of the phenomenon and of the 
insurmountable difficulties involved in the technic, the radiating power 
of only a few substances has been determined. This limited study, 
however, has conclusively revealed that the different materials have 
different radiating or emissive capacity. This is also true of the same 
substance in different conditions and in different temperatures. 

In the investigation here presented the main object has been to dis- 
cover the radiating power of different soils under various conditions 
or treatments and thereby see, if possible, to what extent radia- 
tion affects the temperature of soils. As will be stated later, this sub- 
ject has remained practically unexplored. Indeed, there has been only 
one man who has attempted to investigate it. 

The different soils experimented with were quartz sand, gravel, loam, 
clay and peat,—the true representatives of the most common soils. 

These soils possess, among other characteristics, distinctive differ- 
ences in color. It is a common opinion that color has a very marked 
effect upon the radiation as well as upon the absorption of heat. It 
is claimed that radiation and absorption are closely related, that the 
highest absorbers are also the highest radiators and the lowest ab- 
sorbers are the lowest radiators. A black substance for instance being 
able to absorb practically all the heat rays on account of its low re- 
flection, low diffusive and high absorptive power, is a high heat ab- 
sorber and consequently a high heat radiator. The opposite is true 
of a white substance. A white substance on account of its high re- 
flective, high diffusive and low absorbing power, is a low absorber and, 
therefore, a low radiator. 
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It is concluded by some soil physicists, therefore, that a black soil 
attains a very high temperature during the sun insolation but in the 
early morning its warmth is about the same if not lower than that of 
a light colored soil. 

A number of physicists have investigated the effect of color on radia- 
tion but, as far as the writer is aware, only two have studied it in its 
application to soil temperature. The first worker was Lang.” His 
method of study consisted of determining the radiation of a white sub- 
stance first and then mixing this with a colored substance, such as 
soot, and determining again the radiation of the mixture. He conclud- 
ed from his results that color affects radiation and absorption equally 
well. 

Several years later **Ahr reinvestigated the subject. He employed a 
slightly different arrangement in the apparatus but used practically 
the identical material of Lang. He obtained results which were prac- 
tically the same as his predecessors’ but he did not deduct the same 
conclusions. He thought that the difference in radiation observed in 
the various colored substances might be due to the composition of the 
material rather than to the color. 

Since this question was still unanswered, and since it was desirable 
to know definitely whether color does affect radiation in order to 
arrive at proper conclusions on the radiating power of the different 
types of soil already mentioned, it was deemed necessary and advisable 
to investigate the subject. Such investigation, it appeared, should be 
conducted differently from that of the previous investigators if more 
definite and conclusive results were to be obtained. One of the greatest 
difficulties that this study presents, is the fact that there is no single 
substance of the same composition which contains all the different rays 
of the spectrum. It seemed, however, that this difficulty might be over- 
come, to some extent at least, by the following procedure: Instead of 
using different solid materials of entirely unlike composition to obtain 
the different colors, it was thought best to use the same kind of solid 
material colored with the different aniline dyes. The solid substance 
employed was quartz sand and its radiation as affected by color was 
measured by an apparatus to be described. 

The instruments commonly employed in studying or measuring radia- 
tion are the thermopile and bolometer. The bolometer is the more 
sensitive instrument of the two. On account of various reasons, how- 
ever, it could not be obtained; consequently at the beginning of the 
work a high grade thermopile with a very sensitive galyanometer were 
employed. 

The results obtained by this method were unsatisfactory because of 
the fact that one end of the thermopile was exposed to the room tempera- 
ture, a slight change in which would change the readings. In order 
to overcome this difficulty a thermopile was constructed one end of 
which could be kept in ice water and thus kept under a better controlled 
temperature. This change or improvement, however, proved of no 
avail as the electomotive force .was so great on account of the large 
difference in temperature between the two ends that the deflection on 
the unshunted galvanometer would invariably go beyond the scale. 


(12) Forsch. a. d. G. d. Agrik. Phy. 1, 1878. 
(13) Forsch, a. d. G. d. Agrik. Phy. XVII, 1894. 
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On account of these obstacles, also because of the fact that the ac- 
curacy of the thermopile is considerably reduced by the many acci- 
dental electrical currents, the thermopile, as a radiometer, was finally 
abandoned in favor of a Beckmann thermometer. This thermometer gave 
very satisfactory results. 

The complete apparatus employed for the study is shown by diagram 
3. With the exception of part M, it is the same as in Fig. I. The 
part or vessel M is a box in which was placed the sand whose radiation 
was to be studied. It is made all of copper and it is 6 inches in each 
dimension. Inside of all four sides were placed asbestos strips 14-inch 
thick and about 10 inches high, or 4 inches higher than the sides, and 
extending to the bottom—they were intended to prevent any side radia- 
tion from the copper vessel or other sources to the thermometer. The 
box was filled with the sand to a certain height so that the upper surface 
of the sand would be even with the upper surface of the water in the 
constant temperature bath, and was left in the latter about 24 hours 
in order to acquire the constant temperature. The thermometer was 
placed about one inch from the surface of the sand and its bulb was 
protected from any side radiations by the cone or hood. 

Near the radiation receiving Beckmann thermometer was placed an- 
other Beckmann thermometer to indicate the room temperature. Their 
readings were taken simultaneously and when the reading of the first 
thermometer is divided by that of the second, a ratio is obtained which 
is designated as the radiating power of any particular color or soil. 
Throughout this investigation, then, the relative radiating power of 
different materials is reduced to this ratio. 

This method of measuring the radiating power of substances gave 
most satisfactory results. If the room temperature was exactly the 
same the readings of duplicate experiments could be checked to less 
then 1%. In the measurement or study of the radiating power of 
any color or soil, therefore, the readings of the two thermometers were 
taken when the room temperature was about the same as in the previous 
or standard experiment and the variation did not exceed 0.2°C. To 
eliminate also any errors that may arise on account of the different re- 
flective powers of the various materials, the readings were taken in 
every case in dark. 


EFFECT OF COLOR ON RADIATION. 


There were six different colored sands in which the radiation was 
measured by the foregoing method. These were white, black, blue, 
green, red and yellow. The white was the uncolored sand. The results 
obtained are given herewith: 


TABLE 13.—THE RADIATION OF DIFFERENT COLORED SANDS. 


Radiation Percent 
Name of colored sands. | ratio. radiation. 

—_ 
PUMIELN WG 6. ater tus: s: cdiue. iW ass) ow 6; p10 vo die ard dhe, Stary PTeMaee Toten MeP te TET ora ks en ste eae iees 1.060 100.0 
AUICHCMAE SNe ie lg e avers wpa \ cine sini-awrare © te vardivhecebeteta clo mitre ainhere eta tertnsee Bene rere ee a 1.051 99.15 
Re raots 6 ein nF Sate. ohae ec) fe Gy Ci ane aCwoara. ow de, sPCeReN cre cei ae Rel rica ace aa Soe ene 1.045 98.10 
ERS A Breese ohn 1F a7 Sretaha rs Biota oka «olblaMus Wo ead wp aoe ore ie BO re teene & oes MAES TTS | 1.040 98.12 
RGU rer oN aM din Nc de icic Gee are bel dine ie a wl erase ore Rect Sie Sbiecisy che ete CT eo oe 1.050 99.06 
BLO WARIS the: Siren ae oe ote RA LN eh Ae Re OP es ee es eee 1.048 98.87 
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The first column of figures from the left represent the relative radia- 
tion ratio. The last column contains the same data reduced to the 
percentage basis with the white sand as 100% or unit. A glance at 
these figures reveals at once the fact that the radiating power of the 
different colored sands is the same, the greatest range being between 
the white and green sands which is only 1.88% and which is quite within 
the experimental error. 

From these data we are justified in concluding that color has no effect 
on radiation, at least at this low temperature. It does have on absorp- 
tion, however, as will be shown below. 


EFFECT OF COLOR ON ABSORPTION OF HEAT. 


This study was conducted by filling wooden boxes 12 inches square, © 
2 inches high with bottom and no top, with the various colored sands em- 
ployed in the preceding investigation, placing them outdoors during 
hot and clear days and recording the temperature at various intervals 
for 24 or more hours, with mercury thermometers graduated to 0.1° C. 
There were several experiments conducted but for the sake of brevity 
only two are given here. The first was conducted on July 27 when 
the sky was perfectly clear from early morning till about 6 in the after- 
noon. From this hour on the sky was clouded and about five o’clock the 
next morning it began to rain. The temperature records were taken 
every hour during all this time. The second experiment was performed 
on August 5. This day was also hot and the sky perfectly clear from 
clouds from morning till evening and even on the succeeding day. The 
temperature was recorded every hour till the maximum was attained 
and then at various intervals till late at night, again at 4:30 the next 
morning before the sun appeared. In the table below, however, only 
the maximum and minimum readings of both experiments are given. 
The minimum readings were taken in order to obtain further light 
on the effect of color on radiation. 


TABLE 14.—EFFECT OF COLOR ON THE RISING AND LOWERING OF TEMPERATURE. 


July 27-28. August 5-6. 


Name of colored sand. Max. Min. Max. Min. 


ESRC ewe fave) oratevarclorcreaerere Nees eee Pe eheal ore cat c Gnecc ate cosapaveie, Bhs 40.9 °C 16S 37.6 127°45°C 
SLES ate RNG nore eterna cre ee Pete Cte ata eters hhc nuab hd Woh 40.0 16.65 | 36.7 12.4 
ROC Parshateges a: Sie fer oak eva couse A orceonaire: c/o elated eee caliente 38.55 16.65 35.9 12.4 
(GUNDNT,.. 3 ago eo SEOs he Clarion CEE aE Pt AOS einai 37.10 16.60 34.7 L223 
MAUS > colo Bap smOC OSC CHEE OPH aos on IrmmnS Oo oE 35.8 16.60 32.65 1PE25 
VENT Seperate ootera in oa ar as, ohn ah een atesy cy olee tos ayers 34.6 16.44 SUS 7/ 1222 


The figures obtained at both times show that the various colors have 
a most significant different absorptive power for the rays of the sun. 
The black absorbed the greatest amount and hence attained the high- 
est temperature, followed in order by blue, red, green, yellow and white, 
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respectively. The difference between the black and white on July 27 
was 6.3° C. and on August 5.6° C. The differences between the other 
colors are not so great, especially between the black and the blue, the 
yellow and the white, the red and the green. 

The minimum figures, on the other hand, show very conclusively at 
both times that the temperature of all the different colored sands is 
practically the same, the difference in any extreme not being more than 
3° C. and in fayor of the sands which had attained the highest tem- 
perature. These results are interesting because they lend further con- 
firmation to the conclusions already announced that color has no effect 
upon radiation. This conclusion, however, may be objected to because 
if the different colored sands attained different temperatures during the 
sun insolation because of their different absorptive powers, while dur- 
ing the night they all cooled to the same point, then they radiated 
differently, and therefore those colors which caused the highest absorp- 
tion lost the most heat. This is all true but those sands which lost the 
most heat did not do so on account of the greater radiation of their 
color, but rather because of the difference between their temperature 
and that of the air. The law of cooling as announced by Newton states 
that the rate of cooling of a body is proportional to the difference in 
temperature between its own and that of the surrounding medium, 
while the similar law of Stefan states that the rate of cooling or radia- 
tion of a body is proportional to the fourth power of its absolute tem- 
perature. 

Theoretically speaking color should have no effect upon radiation be- 
cause all colors emit in dark, rays of low refrangibility which are the 
same while the rays they absorb from the sun are of high refrangibility 
and are different. The different radiating power observed in the differ- 
ent colored substances is probably due, therefore, to the difference in 
their composition rather than to their color. 


RADIATING POWER OF NATURAL SOILS. 


The radiating power of different soils was studied under three differ- 
ent conditions or treatments: (1) in dry and powder state; (2) with 
moist subsurface and dry surface; and (8) in the natural condition. 
For convenience these headings will be considered in reverse order. 

As has already been stated the radiating power of soils has been 
studied thus far only by Ahr.‘* He conducted experiments on_ the 
radiating capacity of different kinds of soils in the dry, moist, and wet 
condition. In the dry condition he obtained the following results: 
quartz 96.5, loam 94.4, calcareous sand 94.1, kaolin 91.5, and humus 
89.8%. In the moist and wet condition the values were higher but were 
the same for all the soils. 

In the investigation of heat conductivity, natural cores of soils were 
employed. These same cores of the different types of soil were also 
used in the study of radiation with the object of arriving at more defi- 
nite and practical conclusions as to their radiating power. 

The study was conducted by taking off both covers of the box con- 
taining the core, pushing the latter very gently with a block of board 


i (14) Forsch. a. d. G. d. Agrik. Phy. XVII, 1894. 
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of the same size as the inner side of the box, until it was about 1 inch 
from the top of the box. That portion of the core which extended be- 
yond the edge of the other end of the box was cut off carefully with a 
sharp knife. The box containing the core was then placed in a metallic 
vessel with bottom and no top and made especially to fit this box. That 
side of the core which rested on the bottom of the vessel, was the sub- 
soil, while that side which was exposed and came to one inch from the 
top of the box was the surface soil. The latter side was then covered with 
a very thin sheet of mica in order to prevent evaporation which would 
have affected the radiation. This mica being diathermous. permitted the 
passage of the radiant energy. The sheet was of the same dimensions 
as the box so that it rested upon its edges and was about one inch above 
the surface soil. Its ends were fastened to the edges of the box by 
means of paraffin, thus making the box air tight. An extension box 
5 inches high and 8 inches in diameter was placed on the top of this 
other box and was also fastened on by paraffin. The ends of the mica 
came then between the edges of the two boxes. The second or extension 
box was placed there in order to prevent side radiations on the bulb of 
the thermometer when it was brought one inch from the surface of the 
mica to receive the radiation of the soil. The metalic vessel contain- 
ing the prepared soil box was then placed into the constant temperature 
bath, the temperature of which always remained at about 33° C. and 
not varying more than 0.2° C. On the top of this vessel were bended 
horizontal edges by means of which it was hung from the top or cover 
of the water tank. In this manner the surface of the soil was always 
below the surface of the water in the tank. The soil was left in the 
bath about 24 hours in order to acquire the constant temperature and 
the radiation readings were taken in the Same manner as in the preced- 
ing experiment. The radiating power of the cores of all the different 
soils was studied, then, in this manner and the results obtained are 
given in the following table: 


TABLE 15.—RADIATING POWER OF THE CORES OF THE DIFFERENT SOILS. 


| 
: Radiation | Percent | Percent 
Name of soil. ratio. radiation. | moisture. 
aim | 
DDI ee ret era eee arene achat cite Mie hs Eee helen «tomate Gia 1.697 100.00 | 4.24 
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1G H hd ae BLOTS CLOT Ore Creche CYC CNCh SC SRT FOES ere Rea ORs et eRe 1.690 99.59 234.00 
VENI fae ler Dito sicinstro cache so each eT DOR FS BRA ATs See 1.946 LVASTO) | siott ease 
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It is at once seen that all the different types of soil in their natural 
and well-moistened condition possess exactly the same radiating power. 
Water, however, has a different and much higher radiating capacity. 
Evidently these results agree with those of Ahr’s. 


RADIATION OF SOILS WITH MOIST SUBSURFACE AND DRY SURFACE. 


During the warm part of the year the soils have a dry surface and 
a moist subsurface. In order to ascertain what effect this condition 
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would have upon their radiating capacity the study presented below 
was undertaken. 

It is unfortunate that natural soils could not also be used for this 
investigation. 'The study, therefore, had to be conducted with artificial 
soils in the following manner: The soil was finely ground, moistened, 
put into the same vessel as that which contained the core of soil, well 
compacted, covered with the sheet of mica and the extension box put on. 
The radiation readings were then taken as in the previous case. Then 
about an inch of the moist soil was removed and replaced by the same 
kind of soil in a dry and powered form. The box was prepared as usual 
and the radiation taken again. The difference, if any, between the first 
and second readings would show whether dry surface with moist subsur- 
face affected the radiation in any way differently from the moist sur- 
face and subsurface. The data obtained in this study are given in the 
table below: 


TABLE 16.—RADIATION OF SOILS WITH DRY SURFACE AND MOIST SUBSURFACE. 


! 
Radiation | Radiation | Percent | Percent 


Sata EA: ratio. ratio. radiation. | radiation. | Percent 
Name of soil. Moist Dry Moist Dry moisture. 


surface. surface. surface. surface. | 
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This table shows very conclusively that all the different soils with 
a dry surface radiate less than with a moist surface. In other words 
a dry surface greatly reduces the amount of radiation. It will be 
seen that all the mineral soils radiated from 7 to 9% and the peat 15% 
less when they are covered with a dry thin layer of soil than when 
all the mass is moist. It is interesting to observe that all the mineral 
soils radiated about the same when moistened through which confirms 
the results of the preceding experiment—and that their radiation is 
cut down to about the same amount by their respective dry mulches. 
The peat, however, shows somewhat a lower radiation. Another note- 
worthy fact is the insignificant difference in radiation between any of 
the mineral soils when they are almost saturated and when medium 
moist. By comparing the first column of the above table with the 
corresponding one in table 15, it is at once seen that the difference 
does not amount to more than 1%. In the case of peat, however, the 
difference runs as high as 11%. 


RADIATION OF SOILS IN DRY STATE. 


Mention has already been made that the radiating power of the differ- 
ent types of soil was determined also in their air dry state. This 
study has, of course, more theoretical than practical value but it was 
undertaken with a three-fold purpose in view: It was desired to ascer- 
tain (1) the relative radiating power of these soils in their dry condi- 
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tion; (2) to see how this compared with their radiating power in their 
moist state; and (3) to compare their radiating power with their heat 
transmitting power, in their air dry condition. The investigation was 
conducted in the same manner as the preceding one with the exception 
that in the present case all the soils were dry and their particles were 
of about the same size, i. e., they passed a 40 mesh sieve. This latter 
precaution was taken because preliminary experiments showed that 
radiation tends to increase slightly with the increase in size of parti- 
cles. The results obtained are given in the following table: 


TABLE 17.—RADIATION OF THE DIFFERENT SOILS IN THEIR DRY CONDITION. 


x : Radiation | Percent 
Name of soil. ratio. radiation. 
SHAG lot = Gee OS Gina cee ciate Slt ate ey oii, Ola tc er eta (ER Cete Aa ConA arc sep are enCL un tr 1.472 100.00 
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This table shows that the radiating power of the different soils in 
the dry condition is different, that the sand shows the highest radia- 
tion, followed in order by the gravel, clay, loam and peat, respectively 
and that the difference between the first and last soil is very marked. 
This latter fact is highly important because it lends further evidence té 
the theory that radiation is independent of color. The table also shows 
that water exhibits the greatest radiating power. This would point 
to the conclusion that it is the water which increases so markedly the 
radiating power of moist soils, and which overshadows their radiation 
possessed in their dry state. This greater radiating capacity of water 
is contrary to the common belief. The widely held opinion is that water 
radiates its heat with greater difficulty than any soil material. The 
truth of the matter is, however, that water loses its heat slowly, not 
because of its low radiating power but because of its high heat capacity. 

It has been stated that the radiating power of these different soils 
in their dry condition was investigated partly in order to compare it 
with their heat conducting power. The results show that the two prop- 
erties run together, a fact contrary to the statements of some physicists. 

It now remains to consider the practical significance of the forego- 
ing results. The studies on the specific heat (of dry soils) and heat 
transference in natural soils led to the conclusion that these two prop- 
erties play a small part in determining the temperature of the differ- 
ent soils, especially during the important seasons of the year. Radia- 
tion plays still a smaller part. This inference is inevitable in the light 
of what has already been obtained. It has been conclusively shown 
that all the different types of soil when well moistened possess exactly 
the same radiating power, and when they have a thin layer of dry mulch 
this power varies only slightly. This means then that all these soils, 
under field conditions, cool at the same rate as far as their property of 
radiation is concerned, the different rate of cooling and warming that is 
actually observed among these soils is, therefore, due mostly to their 
different moisture contents and hence to their different specific heats. 
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TEMPERATURE OF DIFFERENT TYPES OF SOIL. 


OBJECT AND METHOD OF EXPERIMENTATION. 


This phase of the project had for its primary purpose. the investiga- 
tion of the temperature, under field conditions, of the most common 
and representative types of soil, namely, gravel, sand, loam, clay and 
peat. These soils possess so many distinct differences in their physical 
and chemical properties that it was desired to ascertain whether their 
temperature relationships would also be different. The mechanical 
analysis, as determined by the centrifuge method, and the percentage of 
organic matter, as determined by the loss on ignition method, of these 
soils, are shown in the following table: 


TABLE 18a—MECHANICAL ANALYSIS AND PERCENTAGE OF ORGANIC MATTER OF THE DIFFERENT 
TYPES OF SOIL. 
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Our knowledge concerning the temperature of these different types 
of soil is very meager. Only two investigators appear to have studied 
the subject: *Wollny and *°Ebermayer. Wollny made observations of 
the temperature of sand, clay, and peat for long time. He noticed that 
sand heats and cools with the greatest rapidity followed by clay and 
peat and that their average temperature of long period differs but slight- 
ly. Ebermayer studied the temperature of sand, clay, loam and peat.. 
From the data he obtained he arrived at practically the same conclu- 
sions as Wollny. 

The present investigation was conducted in the following manner: 
A long trench was dug on a smooth and slightly rolling piece of ground 
a little over 3 feet deep and 3 feet wide. A layer of sandy soil about 
6 inches deep was spread over the bottom of this trench so that there 
would be a uniform bottom. Into this trench, about one foot apart, 
were placed five wooden boxes 8x38x35 feet without bottom or top. 
These boxes were first filled with the above different types of soil about 
the latter part of September, 1911, were flooded several times in order 
to compact, and finally were covered with a very thin layer of the same 
kind of soil in order to eliminate the factor of color. The effect of this 
factor was investigated in a separate experiment. Their temperature — 
recording was preliminarily begun in the middle of November, but was 


(15) Forsch. a. d. G. d. Agrik. Phy. XIX: 305, 1896. 
(16) Forsch. a. d. G. d. Agrik. Phy. XIV: 399, 1891. 
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really commenced on December 1. The temperatures were taken daily 
except Sundays throughout the year by means of electrical resistance 
thermometers at three different depths, 6, 12 and 18 inches, at 7 a. m., 
12 m., and 6 p.m. The electrical resistance thermometers were obtained 
from Leeds and Northrup, Philadelphia, Pa., and consisted of the resist- 
ance bulb and 35 ft. wire leads. The latter were incased in lead pipes 
so as to keep them dry and well insulated. The ends of these leads 
were run into a house especially constructed for the purpose. In this 
house also was kept on a permanent stand, a balance indicator upon 
which the temperatures were indicated. 

This electrical temperature measuring apparatus gave satisfactory 
results. If the indicator was in good working order the readings could 
be relied upon to be accurate to within 0.2° to 0.5° F. The accuracy and 
sensitiveness was not as high as it was desired, but this lack was some- 
what compensated or overcome by taking three readings daily and aver- 
aging them. Furthermore, when it is considered that the high and low 
temperatures recorded during the day do not represent the real maximum 
and minimum temperatures, then the accuracy of the apparatus is suffi- 
ciently high. 

As already stated the soil temperature obtained under field conditions 
is the resultant of many factors. These factors may be divided into two 
general groups, intrinsic and external. The intrinsic factors comprise 
specific heat, heat conductivity, thermal absorption and radiation, speci- 
fic gravity, texture and structure, topographic position, concentration 
of the soil solution, moisture content, etc. The external includes the 
meteorological elements, chief of which are air. temperature, sunshine, 
wind velocity, barometric pressure, precipitation, dew point, humidity. 
ete. The intrinsic factors vary with the different soils and control their 
temperature for any particular day or season. They are acted upon by 
the external factors which cause the soil temperature to vary from day 
to day as they themselves vary. Variations in temperature, therefore, 
in the different types of soil for any particular period will depend upon 
their different intrinsic factors, but the variations of all these soils for 
succeeding days will depend upon the external factors. These meteoro- 
logical elements influence the soil temperature either directly or indi- 
rectly. Pressure, for instance, exerts an indirect effect by either depress- 
ing or accelerating evaporation. The amount of evaporation is least 
when the barometric pressure is high and greatest when it is low. 

In connection with the study of the soil temperature of the foregoing 
soils, these external meteorological factors or elements have also been 
studied. With the exception of the air temperature which was recorded 
by an air thermograph located near the soil plots, all the other at- 
mospheric elements were recorded by the proper instruments at the 
Weather Bureau” office which is situated only a very short distance from 
the experiment. 

The following tables show the daily and monthly average, maximum 
and minimum, also the seasonal and yearly average, maximum and mini- 
mum, temperature of the five different types of soil. Each table is ac- 
companied by a diagram to show in a graphic representation its salient 


(17) The writer wishes to express his gratitude to Mr. D. E. Seeley for permission to consult and 
use these weather records. 
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facts, also the daily march of the meteorological elements and their in 
fluence upon the soil temperature. 


DAILY AND MONTHLY AVERAGE TEMPERATURE. 


TABLE 18.—DAILY AVERAGE TEMPERATURE OF DIFFERENT TYPES OF SOIL, DECEMBER, 1911. 


Gravel Sand Loam. Clay. Peat. 
Date. | | SE I 
| 
6” 1277}, 187 6” 12” | 18” 6” 12” 18” 6” 12” 18” 6” 12°.) 182 
Ee 1) Es crea) eda) (PS | PSM Se Br Pera Ua | ey ee 
1 CBORD sear 31.8 | 33.33] 36.36] 31.83) 33.83) 37.06] 31.96] 34.5 | 37.16] 31.96] 34.53) 36.53| 31.93] 34.33] 37.36 
 -OCCEEEE 31.6 | 33.23) 36.43) 31.4 | 33.6 | 36.86) 31.83) 34.5 | 37.56) 31.73 34.73) 36.4 | 32 34.3 | 37.63 
Y ee 31.6 | 33.33) 36.46) 32 34.13) 36.56] 32.06) 36.96; 36.96) 32.1 | 34.63) 36.8 | 31.96) 34.33) 37.43 
Bsr eee 32.43) 34.23) 36.33) 31.9 | 33.93) 36.8 | 32.06) 36.96) 36.93) 32.46) 34.9 | 36.73) 32.43) 34.33) 37.3 
Sor 32.26} 83.8 | 36.33) 31.96) 33.9 | 36.63) 32.4 ees 36.93] 32.33, 34.43) 36.43) 32.06) 34.3 | 37.06 
- 
Mituteee tae 31.6 |783.33) 35.86) 31.46) 33.43) 36.1 | 31.8 | 33.96) 36.53) 32. | 33.93) 36 31.8 | 33.86) 36.96 
 aathcae Re 32.26) 33.93) 36.1 | 32.73) 34.1 | 36.63| 32.46) 34.76] 37.03] 32.76) 34.73) 36.26) 32.26) 34.5 | 37.06 
Qiseniges oe 38.26) 37.73) 37.53) 39.43) 38.06, 37.73| 33.46) 35.1 | 37.3 | 35.38 36.06 36.96| 32.53) 34.43) 37 
Dee eens 41.83) 42.06) 41.6 | 41.2 | 41.7 | 40.96] 40.73] 39.96) 39.03] 41.63, 40.6 | 39.9 | 32.26) 33.9 | 36.96 
12 ens kas 38.13) 40.2 | 41.2 | 37.33) 39.13 41.06) 38.96) 40.16) 40.4 | 39.3 40.7 | 41 82.5 | 34.63) 37.46 
| 
|b eee ee 36.83) 37.83] 39.86) 35.43) 37.46) 39.86] 36.8 | 39.1 | 40.33) 36.76! 39.23) 40.33) 32.73) 35.2 | 38.13 
1 ees 33.96| 35.53) 38.23) 33.23) 35.36) 38.16] 34.6 | 37.33) 38.76) 33.86) 36.23| 38.6 | 32.46) 34.86) 38.1 
1 Evga es sage 33.33) 35.2 | 37.83) 33.16) 34.2 | 37.86) 34.1 | 36.76) 38.9 | 34. | 36.53! 38.23) 32.53) 34.8 | 37.86 
GS ers 33.8 | 35.46| 37.76) 33.76) 35.3 | 38.06| 33.93) 36.7 | 38.96, 34. | 36.66| 38.13) 33.23) 35.56 38.9 
1S Bae vies 33.93) 35.46) 37.8 | 33.93) 35.7 | 37.96] 33.8 | 36.06) 38.16 34.13] 36.16) 37.86) 33.23) 35.86) 38.2 
NO ees wees 34.96! 36.06) 38. | 34.66] 36.13) 38.33) 34.5 | 36.6 | 38.93 34.8 | 36.8 | 38.1 | 34.1 | 36.2 | 38.93 
iid aay 33.9 | 35.76) 37.2 | 33.66] 35.13; 37.36! 33.36) 35.83) 38 33.73] 36.2 | 37.83) 33.33) 35.36 38.26 
74 ane ee 32.96) 34.3 | 36.5 | 32.6 | 34.26) 36.73] 32.5 | 34.93) 37.26) 32.6 | 35.1 | 36.46) 32.2 | 34.43) 37.13 
VERY ea 32.96! 33.56) 35.63] 33.2 | 34.06) 35.86) 32.06) 33.96) 36.2 | 32.8 | 34.46 35.8 | 31.8 | 33.63 36.5 
V5 pee ie 33.45| 34.7 | 36.4 | 32.75) 34.5 | 36.45| 32.5 | 34.5 | 36.1 | 33.15) 34.75) 35.85) 31.65) 33.4 | 36.35 
De erieses 32.5 | 34. | 35.9 | 32. | 33.9 | 35.8 | 32.1 | 34.2 | 36.4 | 32.2 | 34. 35.9 | 31.9 | 33.5 | 36. 
oesesate st 32.23) 33.33) 35.66) 31.66] 33.5 | 36.13) 31 i 34.03| 35.96] 32.13) 33.96) 35.76) 31.76) 33:33) 36.06 
|| 
DUR EAE we 31.76 33.56) 34.9 | 32.76) 33.73) 35.5 | 31.73 33.73) 36.13) 32.46) 33.53) 34.9 | 32.26) 33.53) 35.13 
Pee eae 31.93} 32.73) 39.16] 31.23] 33.13) 35.93] 32.46; 34.3 | 36.73] 32.7 | 34.73) 35.4 | 32.13) 34.06) 36.1 
Drs 30.5 | 31.76) 34.2 | 29.96) 32.26) 35.4 | 30.93) 33.36) 35.73) 30.93) 33.4 | 35 31.83] 33.4 | 36.23 
DO vradiee soe 30.26} 31.13) 33.43) 30.26) 31.4 | 34.33] 30.26) 32.6 | 34.63) 30.33! 32.43) 34.2 | 31.26) 32.76 35.36 
| 
Monthly 
average. | 33.50) 34.83) 36.87) 33.29) 34.84 37.16) 33.27 35.41, 37.40) 33.55) 35.52 36.98) 32.32 | 37.13 
} 
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TABLE 19.—DAILY AVERAGE TEMPERATURE OF DIFFERENT TYPES OF SOIL, JANUARY, 1912. 
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TABLE 20.—DAILY AVERAGE TEMPERATURE OF DIFFERENT TYPES OF SOIL, FEBRUARY, 1912. 


Date. 
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Monthly 


average... 
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TABLE 21.—DAILY AVERAGE TEMPERATURE OF DIFFERENT TYPES OF SOIL, MARCH, 1912. 
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TABLE 22.—DAILY AVERAGE TEMPERATURE OF DIFFERENT TYPES OF SOIL, APRIL, 1912. 


| 


Gravel. Sand. | Loam. Clay. Peat. 


6” 12F PAG Ks "|S 6% Zee Ge Fed ad Eh 6” 12” | 18” | 6” 12?) e* 


} 31.4 | 31.86) 31.8 } 31.1 | 31.46) 31.76) 31.73) 31.6 | 31.7 31.43) 31.43) 31.76 
| 31.06 31.06) 31.1 | 30.53) 30.76) 30.93) 30.93) 31. | 30.86) 30.76: 30.5 | 31. 
| 30.06) 30.16} 30.06) 30.36) 30.9 | 31.1 | 30.86) 31. | 31.03) 30.8 | 29.96) 30.73 
| 30.43, 30.66 31.06) 30.2 | 30.2 | 30.53) 30.43] 30.53) 30.56) 30.1 | 29.7 | 30. 
| 33.5 | 30.96) 31.4 | 30.2 | 30.43) 30.93) 31.96) 30.9 | 30.9 | 30.5 | 30.2 | 30.16 
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47.96 45.36) 43.1 | 46.06) 43.7 | 41.76| 46.46; 43.66) 42.36) 38.36) 30.4 | 32. 
| 47.2 | 45.16) 43.56) 46.6 | 44.4 | 42.23) 46.53) 44.7 | 43.23 Fae 30.56, 32.03 
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Monthly } 
average...| 41.81) 40.70 39.27 41.46 40.04) 38.92 39.16) 37.47 36.58 40.20) 38.44 S| 34.04, 35.48 31.59 
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TABLE 23.—DAILY AVERAGE TEMPERATURE OF DIFFERENT TYPES OF SOILS, MAY, 1912. 


Gravel. Sand. | Loam. Clay. Peat. 

Date. |——— —| _ — —|——__—— ras 

| | | 
er | ir | ier | or | ize ter) or | uae | ae | ge | ze | tee | OF" Be Totes 
a Neahv wis, peleeaas a | i. } =a i. oa 
1 Sma taaes 45.56| 45.53) 44.63 45.73) 45.53) 44.53) 45. | 44.53) 43.23) 45.4 | 44.66) 43.93 42. | 32.6 | 35.63 
2. auntenas | 48.93) 46.76) 44.6 | 49.33) 46.6 | 44.76) 46.63) 44.8 | 43.76) 47.73) 45.1 | 44.23 42.93) 34.6 | 36.96 
a 53.03] 50.43) 46.86 53.23) 49.96) 47.8 | 50.5 | 46.83] 44.6 | 52.03) 47.83, 45.66 47.5 | 38.7 | 39.66 
42 at 55. | 52.53) 48.53, 55.13) 52.23) 48.13) 53.33) 49.33) 46.03) 54.46 49.83) 47.76 51.2 | 44.5 | 42.86 
Rear 57.8 | 54.76) 50.6 | 57.46) 54.16) 50.46 55.66) 52.16) 48.56) 57.13) 52.36) 50. 55.6 | 49.7 | 46.96 
Poe. Moen 60.10| 57.36) 52.7 | 60.03) 56.83) 52.16, 59. | 54.36) 49.86) 60.13) 54.76) 51.8 58.86) 52.03) 48.66 
ae ee 57.2 | 55.96 53.1 | 56.73] 55.03| 52.66) 57.6 | 55.16) 50.96| 57.93, 54.96) 52.9 | 59.43) 54.1 | 49.93 
Gorniet 55.03| 54.06, 52.26) 54.86) 53.23) 51.73) 54.83) 53.96) 51.33) 55.66 54.26 52.63 57.76) 54.63) 51.66 
$025.2 57. | 54.9 | 52.13) 57.33) 54.33) 51.76) 55.83) 53.4 | 50.8 | 56.9 | 53.8 | 52. 57.53) 54.4 | 51.66 
NY ake 1552 57.36) 55.63) 52.66) 55.83) 54.86) 52.5 | 56.66) 54.4 | 50.63| 57.06 54.63) 52.33 58.9 | 54.93) 51.83 
PSvon hae 46.8 | 47.2 | 48.6 | 47.83] 47.63) 48.76) 48.23| 50.03) 50.06) 47.83) 49.5 | 50.53, 50.76) 53.66) 52.76 
Thy. chewaes 49.93) 48.93) 48.3 | 50.93) 49.33) 49.06) 49.33) 49.13] 48.53) 50.2 | 49.2 | 49.2 | 51.03) 51.56| 51.4 
15 soar 47.8 | 48.23) 48.7 | 47.3 | 48.23] 49.4 | 48.4 | 49.36] 49 | 49.33) 49.93) 49.76 50.56) 51.36] 51.16 
rte Aree 48.06] 48.03) 48.03) 47.9 | 48. | 48.56) 48.26 48.66] 48.46) 48.8 | 48.9 | 48.93) 49.53) 50.3 | 50.6 
TE jot. se 49.93) 48.33) 47.6 | 47.1 | 48.3 | 47.53) 48.26) 48. | 47.53) 49.33, 48.03) 48.06 48.96) 49.13) 49.33 
1Be sunt. «A 48.1 | 47.9 | 47.85) 49.65) 48.8 | 47.8 | 49.2 | 48.35) 47.1 | 49.15) 48.6 | 48.15) 49.2 | 48.65) 49.05 
1 Sen 52.8 | 51.26) 49.8 | 52.6 | 50.96] 49.86) 51.16) 49.96, 49.03) 52.46, 50.83) 49.8 | 51.6 | 49.8 | 49.26 
BE peewca: | 56. | 53.93) 50.83) 56.66) 53.33) 50.76) 54.06) 51.26) 49.33) 55.26) 51.8 | 50.73, 53.8 | 51.36) 49.53 
Bee, Aa st | 60.06) 57.1 | 53.06) 61.6 | 56.8 | 53.1 57.56) 53.5 | 50.8 | 59.03) 54.4 | 52.43) 56.93) 52.5 | 50.73 

| | | ! 

2 oT A 64.4 | 60.73 55.5 | 65.76) 60.6 | 55.76) 61.06) 56.1 | 52.16 63.1 | 57.46 54.43) 60.83) 53.83) 51.66 
CT eee 65.53) 62.93) 58.3 | 65.53) 62.23] 57.63) 63.8 | 59.16) 54.16) 65.43, 60.33, 56.96 64.23 57.8 | 54.43 
Boia ae 63.9 | 60.9 | 57.53) 64. | 60.26] 57.2 | 61.63) 58.8 | 55.36) 63.46) 59.66, 57.2 | 63.13) 58.63) 54.96 
Mas 65.6 | 63.83) 60. | 65.26) 62.76] 59.5 | 65.1 | 61.6 | 57. | 65.93) 62.16) 59.26, 65.83) 60.83) 56.83 
pees 64.16) 62.86) 59.7 | 63.53) 62.1 | 59.46) 64.56) 61.5 | 57.86 | 64.86) 62.03) 59.7. 66.3 | 61.76) 58.06 
SS, ok oo -3 | 59.66) 58.86) 58.48) 58.86) 58.53) 61.06] 60.80| 58.06) 60.76) 60.63) 59.43 64. | 62.33) 59.16 
Fda he 59.93) 58. | 56.4 | 60.93 57.86] 56.46) 58.6 | 57.63) 56.73, 59.26) 57.6 | 57.3 | 60.86, 60.43] 58.9 
Cy ee 64.3 | 61.3 | 58. | 64.86) 61.26] 58.13] 61.8 | 58.86).56.5 | 63.13] 59.46) 57.8 | 62.5 | 60.4 | 58.16 
ap ae oel | ee PO | ia eee ieee eS fee, aes Dl ee. 

Monthly 
average... 56.07, 54.41, 52.03 56.11) 54.08 id 55.07) $3.02) 60.62) 66.00) 53.43] 51.96, 85.61) 52.00) 50.44 

| | { ! | 
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Gravel. 
Date. 

eve) 12” 
ee ee ae: 67.5 | 64.23 
Stas 64.76) 62.4 
re aa 64.53] 63.06 
Feel en ys. 61.9 | 60.56 
Gok ea! 65.8 | 63.2 
(Le ern: 63.6 | 62.13 
one 63.23) 61.86 
10; «28: 65.7 | 63.4 
Tie oe 66.4 | 64.26 
TO S60 68.53) 66.23 
See. | 67.46) 65.4 
oe eee 64.6 | 64.56 
1622 eee 65.9 | 63.73 
ARE oe 67.06) 65.23 
[80530 65.33] 64.2 
ONE e os | 66.66) 64.9 | 
7 ee ee | 66.26) 64.63] 
7 ae as 67.13| 65.43) 
aE eae | 68.06, 66.13) 
DS oe ee ard 68.76) 
re nae ae 171.6 | 69. | 
Be ease, | 72.73) 70.43 
aN 71.6 | 69.93| 
7, Seas ae ie 72.33! 69.86 
20: Feta! 72.33) 70. | 
Monthly | 
average... | 67.25 65.33 
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TABLE 24.—DAILY AVERAGE TEMPERATURE OF DIFFERENT TYPES OF SOIL, JUNE, 1912. 
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EXPERIMENT STATION BULLETINS. 
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TABLE 25.—DAILY AVERAGE TEMPERATURE OF DIFFERENT TYPES OF SOILS, JULY, 1912. 
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TABLE 26.—DAILY AVERAGE TEMPERATURE OF DIFFERENT TYFES OF SOIL, AUGUST, 1912. 
Gravel. | Sand. Loam Clay. 
Date. eg ra Daves Se Pe Ba a | Seas a 
| 
6” 2" | 18” | 6” 12” 18” 6” 12” 18” | a | ad bad 18” | 6” 
ls i il a We ae hia Es 
1 ee 65.1 | 64.53] 64.83) 65.23] 64.66| 64.86] 64.86 65.36. 65.03) 65.63 65.5 | 65.53) 66.36 
PSA Se 65.13) 65.0 | 64.93) 64.53] 64.63, 64.86) 65.33) 65.3 | 64.53 65.53) 65.43) 65.23) 65.96 
aD ate raha shot « 61.1 | 61.73) 63.26) 60.66) 61.43) 63. 62.13) 63.8 | 63.93) 61.9 | 63.53) 64.86: 63.7 
Te Ree 66.43) 64.9 | 63.73 66.66) 64.83) 63.76) 64.96 63.73) 62.86 65.76 63.9 | 63.43) 64.86 
Bt eg.ts Sues 67.96| 66.56) 65.03) 67.9 | 66.33) 64.96) 66.9 | 65.13) 63.6 | 67.36 65.36) 64.4 | 66.46 
Mcoantimexe 69.43) 68.03) 66.03, 69.4 | 67.7 | 65.96) 68.53) 66.36) 64.53) 69.0 | 66.53) 65.36) 68.03 
See cae 69.76] 68.2 | 66.26) 69.73) 67.86) 66.06) 68.96) 67.0 | 65. | 69.36) 67.06) 65.93) 68.8 
Qos en anes 69.53) 68.43) 66.6 | 69.33) 67.93) 66.76) 69.36) 67.43, 65.13) 69.63) 67.86) 66.06) 69.73 
1 as RR a 67.66) 67. | 66.2 | 67.56) 66.7 | 65.5 | 68.03) 67.2 | 65.43 68.03) 66.93) 66.13) 68.86 
Degas beds 67.73) 66.4 | 65.13) 68.06) 66.23) 65.03) 67.1 | 65.9 | 64.63) 67.4 | 65.73) 65.23, 67.66 
1 eos 71.0 | 69.03 66.46| 72.03) 69.20 66.53) 69.6 | 66.86) 64.831 70.6 | 67.13) 65.8 70.1 
14. ite ke 72.66| 70.73) 68.16) 72.8 | 70.43) 67.86) 71.36) 68.66) 65.86) 72.26, 68.96) 67.13) 71.73 
Lote eects 69.96) 69.5 | 68.43) 69.46) 68.76) 67.9 | 70.3 | 69.3 | 66.73) 70.26) 69.2 | 67.9 | 71.1 
Lh ese aura 68.83] 68.0 | 67.2 | 68.26) 67.3 | 65.03) 68.9 | 68.33 66.53) 68.63) 68.03) 67.26) 69.6 
1h i See eiric 67.33, 67.2 | 66.86) 66.73) 66.5 | 66.43) 67.9 | 67.8 | 66.1 | 67.36) 67.3 bea 68.93 
| | 

1D aa avai secs 70.13| 69.33] 67.76] 69.63] 68.8 | 67.46) 70.3 | 68.53] 66.03) 69.73| 68.36 66.96| 70.73 
? UNAS REE 69.86) 68.50} 67.06) 69.93) 67.9 | 66.76) 69.3 | 67.9 | 66.1 | 69.23 67.7 | 66.83) 69.8 
rd eer ea 70.13) 68.9 | 67.63) 70.66) 68.96) 67.63] 69.83) 68.63, 66.46) 70.1 | 68.43) 67.3 | 70.46 
DES es So, 69.7 | 69.2 | 68.46) 69.56) 69.06, 68.4 | 70. | 69.2 | 70.13) 69.23) 68.23) 70.63 
75 Cie ie, ae 66.43) 66.4 | 66.86) 65.73} 66.1 | 66.93) 67.1 | 68.0 | 66.9 | 66.93) 67.7 | 67.56) 68.26 
DAS ct rtedes 66.46) 65.26) 65.23) 66.4 | 65.0 | 65.13) 65.7 | 66.03) 65.63) 66.0 | 65.73 65.86) 66.1 
2Ba% Seats os 75.3 | 73. | 69.63) 75.1 | 72.56) 69.43) 73.7 | 69.96) 66.56) 74.16) 70.1 67.93, 73.3 
Piktss cores 71.23) 70.76) 69.83) 70.63) 70.1 | 69.36) 71.43) 70.73] 68.43) 71.1 | 70.36) 69.26) 72.33 
Diuretic 66.53) 67.46) 68.26) 65.56) 66.9 | 67.8 | 68.26) 69.46) 67.9 | 67.26) 68.76) 68.4 | 70.3 
3! eee eae 64.46) 64.53) 65.26) 64.1 | 64.2 | 64.8 | 65.26 66.16) 65.93) 65. 65.63! 65.96 68.06 
Ree ee 61.08) 61.73! 63.26) 60.16] 61.26) 63.03) 62.4 64. | 64.03) 63.53 63.6 | 64.26) 66.13 
5) es  Saeee 65.46 63.4 | 62.4 ee 63.5 | 62.53) 63.9 | 62.96] 62.8 | 64.7 | 62.8 | 62.86) 64.5 
a) an ae Baal Ell ME Bc as RAS SE 
average...| 68.00) 67.18) 66.33) 67.85| 66.85 66.07, 67.82 67.00) 65.52 yond 66.92) 66.23 68.60 
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TABLE 27.—DAILY AVERAGE TEMPERATURES OF DIFFERENT TYPES OF SOIL, SEPTEMBER, 1912. 
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TABLE 28.—DAILY AVERAGE TEMPERATURE OF DIFFERENT TYPES OF SOIL, OCTOBER, 1912. 


Gravel. Sand. Loam. Clay. Peat. 
Date. Se Se TS ee ee ta Ea, eee eer ade more 
| | i 
6” 12” 18” | 6” 12” 18” Bee ie" 18” 6” 12” 18” 6” 12% 18” 
SRR ES (neers ER Ses (eee ae ee A Pee nee Oe ae ee MES NN 
| j | } 
1 RE cay 53.50) 52.90) 54.53) 52.20} 53.00) 51.53) 55.63 53.93) 55.36) 52.69) 53.66) 55.33) 51.83) 54.80) 58.17 
Me Nee oa 53.53) 53.53) 54.96) 53.53) 53.46) 55.16) 52.73) 54.90) 55.23) 53.20) 54.40 53.36) 52.03) 54.46) 57.33 
Ka ee ees 53.20) 54.20] 55.00) 52.46, 54.26) 55.40) 53.20 57.60] 55.10/ 53.16) 54.60| 55.56) 52.73) 54.30) 56.43 
Bt. mete 56.03) 59.06) 56.03) 56.33) 55.86) 55.03) 54.76 55.00 55.26) 55.46) 55.40) 54.89) 54.36 54.70) 55.63 
Mihc ke sacs 59.03) 58.83) 58.20) 59.03 58.73) 58.26) 58.60 57.56 56.63) 59.00) 57.96 57.33) 57.73) 55.63) 56.36 
Beet aiie 52.90) 54.83 57.13 52.03) 54.06) 56.43) 54.10) 57.13) 57.03) 53.90) 56.50 57.70| 54.70! 56.36 56.93 
+ at ee pepe 51.56] 52.23) 53.30) 51.26) 52.06) 54.03] 52.03; 54.23) 55.33) 52.36! 53.90} 54.50! 52.30) 54.86) 56.36 
10 ote 53.76) 54.13) 54.93) 53.63| 54.13) 55.10; 53.83) 54.76) 55.10) 53.76) 54.56] 55.16) 53.76) 54.76) 56.36 
i Va Seer es 55.80) 54.96, 54.93 55.40) 55.10 55.16 54.56 54.70) 54.96) 55.20) 54.66) 54.93) 54.16 54.66) 56.06 
Pe AS 56.06) 56.26) 56.26) 55.66 56.26) 56.56 56.30 55.76| 55.56) 56.33) 56.40) 56.20 56.23 55.36 56.43 
eye stevens | 49.16) 49 90) 51.93] 49.26) 50.20) 52.73) 49.36) 51.60) 53.10) 49.80) 51.40) 52.90) 49.56) 52.76! 55.00 
i Rae te | 46.83) 48.00) 50.43! 46.93) 48.40! 50.97) 47.07| 49.90) 51.67] 47.27) 49.67] 51.50) 47.43) 50.73) 54.00 
jt ee 48.60) 48.90) 50.47) 48.57) 49.03) 51.00) 48.00) 49.93) 51.33) 48.20) 49.50) 51.13) 47.37) 50.23) 53.23 
eee 52.27) 51.60) 52.03, 52.63) 52.03) 52.13, 50.63) 51.00) 51.63) 51.67) 50.70) 51.57, 49.50) 50.20) 52.93 
1 Berets 50.20) 50.93) 51.30. 49.87) 51.97) 51.80) 51.50) 51.17 Be ie 50.97 52.03) 52.43) 51.03) 50.47) 52.60 
2 i Rear Ee 49.47| 49.57) 50.70| 49.33) 49.70 51.30 50.50) 49.03) 51.77) 49.57) 50.30) 51.60) 48.83) 50.93! 53.30 
7) Ng Yin 52.30} 52.87) 52.73) 53.83) 53.00) 52.77| 51.50! 52.57) 51.97] 52.53) 51.77) 51.87) 51.40) 50.37) 52.37 
8) er PO 47.10) 49.13) 51.27) 46.80) 49.17) 50.90) 49.97| 49.50} 51.53) 48.30) 50.83) 51.47) 49.53) 50.00) 51.67 
AR eae 44.70 46.30) 49.60) 44.20) 46.37) 49.80) 48.70) 46.37) 51.60) 45.23 48.93) 50.83) 47.83) 50.63) 52.10 
Deh e ase ee 44.30 45.57) 48.13) 44.37) 45.43) 48.47) 47.13) 45.23] 50.00) 44.50) 47.80] 49.40| 45.87) 49.80) 52.03 
| } 
71 Se | 45.33] 45.97| 48.07 45.40) 46.33 48.80) 44.97) 47.40) 49.33) 45.37) 47 30) 48.87) 45.30 48..53) 51.30 
DB a majeletercie 46.93) 46.96) 48.20) 46.83) 47.30) 48.63, 45.73) 47.07) 48.67) 46.30) 47.20) 48.40) 45.57) 47.10) 49.87 
D | Eo ae 48.86 48.76 49.33) 48.96) 48.93) 49.66) 47.50) 48.30! 48.96) 48.23) 48.43! 49.03) 46.66) 47.40) 49.73 
5 |S eat | 45.80) 47.16) 49.16) 45.33) 47.73| 49.26 46.30, 48.43) 49.16) 46.33) 48.43} 49.10) 46.80 47.76) 49.73 
Be ae | 41.56) 43.66) ae 40.66) 43.46! 47.80) 42.80) 46.76) 48.83) 42.63) 46.70) 48.46) 44.40) 47 a 49.40 
| | 
Monthly | | | | 
average... 50.38 51.05 ses soe 51.05. Ba-87) 50.68 51.48 if 50.48) EBL, 52.61 50.28) 51.77, 53.80 
j t 
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TABLE 29.—DAILY AVERAGE TEMPERATURE OF DIFFERENT TYPES OF SOIL, NOVEMBER, 1912. 


Gravel. Sand. Loam. Clay. | Peat. 
Date. | —————-s —— — | 
6” [22 18” 6" 12m 18%. )).06" (22 18” 6” 12° 18%...) 6% 122 18” 
| 
} | | 
US cso 38.30) 41.06) 44.86) 37.90) 41.30! 45.43) 40.10) 44.50) 47.43] 39.60) 44.23) 46.56| 41 90} 46.46) 49.33 
DR RS a 36.87) 38.97) 43.03) 36.17) 38.97) 43.33) 37.90) 42.43) 45.73) 35.77) 42.17) 44.73) 39 | 44.43 48 47 
re ee 37.97) 39.10) 42.03) 37.53) 39.30) 42.67) 37.63) 40.90) 43.90) 38.00) 40.87) 43.00) 37.20) 41.67) 45.67 
Biers 42.10) 42.17) 43.30) 42.37) 42.60) 43.87) 40.70) 41.87) 43.80| 41.27) 42.00) 43.40) 38.63) 41.10) 44.97 
ee eet 47.27) 46.67) 46.10) 47.50) 47.27) 46.27) 45.47) 44.53) 44.83) 46.33) 45.03) 45.07, 42 mn 41.87, 44.53 
} 
(PR eee 45.50) 46.17) 47.00) 45.30) 46.23) 47.13) 45.27) 46.00) 45.97| 45.77) 46.27) 46.60) 44.37, 43.53) 44.87 
Sa eae 42.60) 43.53) 45.73) 42.43) 43.43) 45.77) 42.70) 44.83) 46.27| 42.70 44.90) 46.13 42.43, 43.90) 45.13 
ES Baa 42.00) 43.03) 45.13) 42.03) 43.37) 45.60) 42.10) 44.37) 46.10) 42.23) 44.33) 45.70) 42.10) 43.97) 45.97 
1 A Bes he na 45.17| 44.73] 45.10) 45.30) 44.83) 45.47) 43.67) 44.13) 45.27) 44.17) 44.07) 45.13) 42.27) 43.17) 45.50 
1254 S288 49.50) 48.73) 47.27) 49.73) 48.77 47.33) 47.87) 46.53) 46.10) 48.03) 46.77 46.37| 45.83) 44.17) 45.70 
| | 
1 Sa oe 50.50) 50.40} 49.43) 50.30) 50.20! 49.40) 50.10) 49.07) 47.83| 50.57) 49.30) 48.53) 48.57) 46.17) 46.43 
14548 5 41.53) 44.10) 47.60] 40.80) 43.93) 47.50) 43.73) 47.30) 48.30) 43.77) 47.07, 48.27] 45.33] 46.90) 46.50 
15.4 .nneet 37.97) 40.43) 44.53] 37.57; 40.67) 44.90) 39.53) 44.13] 46.90) 39.03) 43.60) 45.90) 41.93) 45.90) 47.90 
1 eS 35.90] 38.33) 42.70) 35.57) 38.70) 43.17) 37.23) 41.83) 44.80) 36.87) 41.30 43.70) 39.27) 43.80 46.93 
ISsssece 37.93) 39.07) 41.87| 37.37] 39.13) 42.27) 37.47| 40.30) 42.90| 37.80) 40.27| 42.27) 37.63) 41.07) 44.33 
19 Sisto 38.83) 39.67) 41.93 38.63) 39.77| 42.23] 38.07] 40.37) 42.77| 38.53] 40.47) 42.13] 37.70) 40.33) 43.93 
vy. Vee bat 39.03) 39.37| 42.13) 38.70| 39.37| 42.40] 38.27) 40.87| 42.43| 38.47) 41.03) 42.37) 38.20) 40.40) 43.43 
2) REIS eee 41.27) 41.37) 42.30) 41.43) 41.67) 42.63) 40.33] 41.00) 42.27) 40.60) 41.37) 42.07) 39.03) 39.67 42.50 
7. SO aes 38.27| 39.67| 42.37) 38.03) 40.10) 42.73) 38.80) 41.53) 42.90) 38.60) 41.57) 42.73) 39.10 40 .50| 42.77 
75 eee eRe a 36.90) 38.55) 41.60) 36.75) 38.85) 41 95) 37.55) 40.60) 42.50) 37.35) 40.50) 42.20) 38.10) 40.50) 42.95 
7d Re rea ae 35.83] 37.37| 40.17] 35.40) 37.60 40.77| 35.97) 39.00} 41.70} 36.07) 38.97) 41.03| 36.67) 39.73) 42.77 
yd ae 34.73! 36.30) 39.10) 34.23) 36.50) 39.73) 34.97) 38.00) 40.60) 35.00] 37.90) 39.90) 35.63) 38.60 41.93 
DU scaars’ ort 34.87| 36.30} 38.97) 34.57] 36.40| 39.43) 34.87| 37.83] 40.30| 34.90) 37.73) 39.60) 35.47) 38.40) 41.63 
DO bo Sataccitioe 35.45) 36.70) 39.40) 35.00) 37.50) 39.90) 35.35) 38.15) 41.30/ 35.45) 38.00 39.85) 35 85) 38.55) 41.80 
Besa 34.87) 36.30) 38.73) 34 50) 36.43 39.40, 34.80) 35.70) 40.10) 35.00) 37.70, 39.27| 35.20)-37.87| 41.13 
oe Se nel ef of te al S| eee all all ec te ic ee 
| | | 
Monthly | | ; 
average...| 40.44) 41.13) 43.32) 39.80 41.32) 43.67 40.00 42.28) 44.12) 40.80 Baz 43.70 40.00) 42.11 44.68 
i 1 j 


EXPERIMENT STATION BULLETINS. 


Be 
N 

Ba 
iclleal aah 


LAT TT 
TiS 


Aas 


<a 
ATT 
Ag 


R | 

BEAN 
Beam: 
tet | 


. 


a) 


LTV 


Ni 


Saas 
rT TT 
fans 


Eco 
ECCCCCC 
fs 
a 
NY 


ls 
M4 
VA 
K 
Vs 


\ 
V 


els 


| 
223N 


s : 


| 
size 

Eee 
ey + 


Eas Si 
e A ae aan eee 
Y 3 Dna Fe | 
n fe PP a SY L_ | 
7\ mt Wii PAE Aa ; 
SANTORINI al 


NarV IIYEY IN TT NTT AI 7 NI LT TAT fool I | 
WY, EEN ASR EEA 
SE eae enh aaa eae 2b Pe sé aS 
OS SS SR eS 2 ee ee ee ee ee 

ww || ee a | | a ea | a | ea 
(PERS RS TE a CF Ey a a a a 
nw Ee eb) 


BEE CE 
BERN 
LT 
a 
a 
MS 


0 


LIA 
Be 
ea eae 
aE Ea 


bd 
5 
eee | 
N\ 
al 
L | 
“Tl 
| 
' 


Sa 

V1 | 

Sy 

aela aan 
aanaceae 


a 


SSIS 


Paar 
BEB 


mS 
LIAL 


AS 
a 
EJ 
i 
ol 
id 
co 

ime 
nt 
[aka 


i 
inp SS A zal 


at 


[| 


(52 TE A (aD Ee oe FD PD 


iS | 

[| 
| 
sou 
|| 
| 
Ela 


1 
i 
N 
al 
| 
a 
| 
2 
| 
| 


‘al 
a 
fi 
| 
| 
WT | 


re 
Tease 


AT 
fo 
(aes 
fal 
Gia 
He 
Be 
VT 
aa 
ie 
ae 


LT NY 
| 
B 
4 
/ 
/ | 
| 
| 


: 
|| 
LT 
| 
AUT 
L 


HAS 
|| 
LIA 
HP 
(a 
nmi 
lay 
if 
i 
ital 
aS 
ae 


LY, 
| 


AN! 
eee 
[ 
0 
(| 


BS 
eS ate eS ae fe) 
a 
Co 7 es 
ical Saas eal apes alee SS 


FIG. 15. 
69 


546 STATE BOARD OF AGRICULTURE. 


- Before entering into the discussion of the foregoing results, the reader 
should be reminded again that all these different types of soil were cov- 
ered with a thin layer of a sandy soil in order to eliminate the factor of 
color as this factor was investigated in a separate experiment, the results 
of which will be presented subsequently. 

The thin layer of the sandy soil, besides giving the different soils 
about the same shade of color, tended also to equalize the rate of evapo- 
ration of their moisture. Both color and evaporation have a very marked 
influence upon the soil temperature. If these different soils, therefore, 
had not been covered with the thin layer of the sandy soil, probably 
somewhat different results might have been obtained as indicated by the 
data of the experiment on the effect of different amounts of organic 
matter on soil temperature—later to be presented. The temperature of 
these different soil types, however, uncovered, is now being investigated 
and the data will be reported later. 

With these facts in mind a detailed discussion of the foregoing results 
is now in order. 

Beginning with the middle of November it is found that the daily 
average temperature of the different types of soil runs somewhat in 
this manner: The temperature at all three depths of all the different 
soils decreased gradually until December 1 when the upper 6 inches 
of every soil froze. They all stayed frozen for a few days, then thawed 
and froze again the latter part of December. About this time the 
lower depths also began to freeze. The 12-inch depth of the gravel froze 
December 29, of the sand December 30, of the loam January 1, of the 
clay January 2, of the peat January 2. The 18-inch depth of the 
gravel and sand froze January 3, of the clay January 9; of the loam 
January 12, and of the peat January 20. None of the temperatures of 
any of the depths of any of the soils remained at the freezing point 
but continued to fall rapidly until a minimum was reached and then 
began to rise again. At the depth of 6 inches the average minimum 
was reached for gravel January 6 with 19.96° F., for sand January 
6 with 14.73°, for loam January 8 with 21.86°, for clay January 8 
with 21.7°, and for peat January 8 with 19.68°. At the depth of 12 
inches the lowest average temperature was reached for gravel January 
8 with 23.96°, for sand January 8 with 238.00°, for loam January 15 
with 28.6°, for clay January 17 with 27.13°, and for peat January 13 
with 27.8°. At the depth of 18 inches, the average minimum was at- 
tained for gravel January 13 with 29.7°, for sand January 17 with 30.19, 
for loam January 20 with 30.5°, for clay January 22 with 29.83°, and 
for peat January 30 with 30.76°. The rising in every case was gradual, 
varying slightly from day to day and tending to attain the freezing 
point, but was below this throughout the cold period. Up to February 
19 the temperature of the upper 6 inches fluctuated near 28.0°, then 
rose to about 30.0° and remained near that point till thawing com- 
menced. The temperature of the 12-inch depth rose shortly after the 
minimum was attained to about 29.0° and stayed near that tempera- 
ture until about the middle of February, then rose to about 30.0° F. and 
remained at about that point also till thawing took place. The tem- 
perature of the 18-inch depth of all the soils ranged near 30.0° to 31.0° 
I’. from the time the lowest temperature took place till the thawing 
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period. The thawing commenced about the beginning of April. The vari- 
ous soils and the different depths within the same soil thawed at differ- 
ent dates. The 6-inch depth of the gravel and sand thawed April 5, of 
the clay April 6, of the loam April 7 and of the peat April 15. The 
12-inch of the gravel thawed April 5, of the sand April 6, of the clay 
April 10, of the loam April 13 and of the peat May 1. The 18-inch depth 
of the gravel and sand thawed April 7,.of the clay April 12, of the loam 
April 15, and of the peat April 24. 

Immediately after the commencement of thawing, the temperature of 
the different soils at the 6-inch depth began to rise quite rapidly but 
at different rates. The temperature of both the gravel and sand rose 
far above that of the other soils, followed by clay, loam, and peat re- 
spectively. This order of magnitude continued until all the lower 
depths of the heavier soils thawed, then their temperature rose rapidly 
and approached that of the lighter soils. The time that it took the 
heavier soils to attain the same temperature as the lighter soils at the 
6-inch depth varied with the soil, for the clay it was 11 days (April 
16), for the loam 12 days (April 17), and for the peat 32 days (May 
6), from the date the upper 6 inches of the gravel and sand began 
to thaw. From these dates on, the temperature of the upper surface 
of all the soils ran about the same. 

The temperature of all the soils at all three depths continued to rise 
till July when the maximum temperature was attained, and then began 
to fall. At the depth of 6 inches the highest average temperature for 
all soils was reached on July 11 with the following magnitude: gravel 
79.26°, sand 77.4°, loam 78.86°, clay 76.73°, peat 7 9.33°. At the depth 
of 12 inches the highest average temperature was attained for gravel 
on July 11 with 76.8°, for sand July 10 with 75.16°, for loam July 12 
with -75.26°, for clay July 11 with 74.78°, and for peat July 12 with 
75.73°. While at the depth of 18 inches the highest average tempera- 
ture is shown by gravel and sand on July 12 with 73.36° and 72.2°, re- 
spectively, by loam July 13 with 71.63°, by clay July 13 with 72.5°, and 
by peat July 13 with 72.23°. From these dates on, the temperature of 
all the soils at all three depths fell irregularly but gradually till 
freezing. 

The data for the second year, or cycle, are not presented here but 
they are on file and show that as far as they go they confirm the first 
year’s results perfectly. The first freezing, for instance, occurred 
about the middle of December, and as in the previous year the upper 
6 inches of all the soils froze about the same time as shown by the fol- 
lowing dates: Gravel and sand Dee. 12, loam and clay Dee: 13, and 
peat Dec. 14. All these soils remained frozen at this depth until Dee. 
18th when they all thawed and froze again Dec. 23. The 12-inch depth 
* of the gravel and sand froze Feb. 3, of the clay and loam Feb. 5, and 
of the peat Feb. 6, while the 18-inch depth of the gravel froze Feb. 6, of 
the sand Feb. 8, of the loam Feb. 11, of the clay Feb. 10 and of the 
peat Feb. 25. The lowest average temperature that all the different 
soils reached at the upper 6-inch depth was on Feb. 13, with the fol- 
lowing results: Gravel 22.48° F., sand 19.60°, loam 23.30°, clay 23.93°, 
and peat 20.50°. In the spring all these soils thaw ed in the same order 
as in the first spring. 
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Thus far the daily march of average temperature for the five differ- 
ent kinds of soils has been given without any comment or explanation 
of the results. It will not be well to discuss the foregoing data in a 
brief manner and emphasize the most important and essential facts. 
After this the consideration of the meteorological elements and their 
influence upon the foregoing results will be in order. 

One of the most important fagts that needs emphasis is the rate at 
which all the different types of soil cooled and froze at the upper 6-inch 
depth. It is a common belief, and a logical one, that the lightest soils 
cool the fastest and the heaviest soils the slowest, and warm up in the 
some order. The preceding data, however, show very conclusively that 
the gravel and sand at the upper 6-inch depth cooled and froze about 
the same time as the clay, loam and peat. 

In the spring the two light soils thawed at the upper depth first and 
both at the same time, followed by clay, one day later, loam two days 
later, and peat ten days later, and that the temperature of the light soils 
rose and remained far above that of the heavy soils, for some time. 

The question now is why should there be this anomaly or disagree- 
ment. The explanation may be found, as will be subsequently given, 
in the difference in the moisture content of the various soils and in the 
fluctuating downward and upward trend of the air temperature in the 
fall and spring respectively. 

As previously stated, the moisture content of these soils was deter- 
mined at various times of the vear. In table 4 are given the determina- 
tions of April 8 just before thawing commenced and in November 4 
when the rapid cooling began. It is seen that the percentage of the 
water content varies tremendously among the various soils which in 
turn affects their specific heat very greatly. As shown in that table 
(4) 100 heat units or calories will raise the temperature of the soils in 
the dry condition as follows: gravel, .00895° C. sand .01117°, loam 
.01401°, clay .01399°, peat .02374°. When the moisture content is also 
considered then the raise is as follows: gravel .006520° C., sand .005876°, 
loam .004848°, clay .005690°, peat .002127°. These latter figures show 
that the temperature of the sand or gravel rises two or three times higher 
than that of the peat with the same number of heat units. From this 
we should expect that in the spring the light soils should warm much 
earlier than the peat soils, and in the fall they should cool in the same 
order. The foregoing data show that in the spring they do warm up 
in the order given or in the order of their specific heats, but in the 
fall they cool almost at the same rate and freeze about the same time. 

The difference in the moisture content together with the upward and 
downward trend of temperature in the spring and fall respectively, 
account for this disagreement. In the spring the daily march of the 
air temperature has a continually upward trend. The lighter soils hay- 
ing the lowest specific heat warm up early and their temperature fluctu- 
ates as the weather elements vary, but the trend is upward. The heavier 
soils and especially the peat having the greatest heat capacity warm up 
slowly but gradually and finally reach the same temperature as the 
lighter soils. In the fall the trend of the air temperature is downward 
as is also that of the soils. On certain days the air temperature falls 
very low, whereupon all the soils are cooled, the light soils the most 
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and the heavy soils the least; next day the air temperature rises con- 
siderably and the temperature of the soils rises according to their 
specific heat: the light soils. attain the highest temperature as in the 
spring, and the heavier soils the lowest ; another day follows with very 
low temperature whereupon all the soils lose heat again in the same 
order as above: the sand and gravel as usual lose more than the other 
soils, but they attained a higher temperature during the day time and 
consequently have more apparent heat to lose. These alternate cold and 
warm days with the downward trend of air temperature tend to keep 
the lighter soils as warm as the heavier soils. 

If the air temperature would continue to drop very rapidly without 
any warm days intervening, then the light soils would cool or freeze 
most rapidly and would continue to have a much lower temperature. 
This is well illustrated whenever a severe cold weather sets in as on 
January 8, 1911, when the coldest day of the year occurred and the 
soil temperature dropped very low. On this date the light soils cooled 
the most and the heavy soils the least. It is in such occasions or cir- 
cumstances as these that high moisture content becomes an advantage 
and renders highly practical benefits 

The next most interesting fact that the foregoing tables and charts 
show is the same magnitude of temperature in the upper 6 inches of all 
the different types of soil at all times except during thawing. Here 
again it is the common belief that the light soils, for the same reason 
that they warm up the fastest in the spring and cool most rapidly in 
the fall, have the highest temperature during the summer months and 
lowest during the winter months. The data, as already stated, show 
most decidedly that the average temperatures of all the soils in the 
upper 6-inch layer are practically the same, varying, as a monthly aver- 
age, only about 1° F. from May through summer and fall till freezing 
time, and this slight variation being in favor of the peat during July, 
August, and September. The variation is greater than 1° on ‘certain 
individual days but this is largely due to rapid changes in the air tem- 
_ perature and to some other temporary factors. The 12 and 18-inch 
depths of all the soils have also practically the same temperature 
throughout the year except during thawing. 

Theoretically, that is what should be expected if heat conductivity 
had no very marked influence, and if all the other conditions, evapora- 
tion, color and radiation, were about equal. The color was eliminated 
by covering all the soils by the same kind of soil; there was probably 
not a very great difference in evaporation. If these two factors were 
about equal for all soils then they all received about the same amount 
of warmth during the sun insolation. Their temperature, however, rose 
to different degrees on account of their different specific heats. The 
light soils having the smallest heat capacity under the field conditions 
attained the highest temperature during the day and the heavier soils 
the lowest. During the night they all cooled and since the previous 
study on radiation shows that all soils in well-moistened condition 
radiate equally well and since all these soils were covered with the same 
kind of soil and since it is conceived that radiation takes place at the 
surface, then all the soils lost about the same amount of heat,. but 
received different degrees of lowering of temperature on account of 
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their different specific heats: the light soils with the smallest heat 
capacity cooled the most and the heavier soils with the largest capacity 
for heat the least. The average between the maximum and minimum 
temperature ought to give the same temperature for all the soils. That 
is just what has been obtained. 

The temperature of the peat during the summer months is very inter- 
esting and deserves special attention. This material has not only the 
greatest water holding capacity of any other soil, but also the ability 
to absorb considerable moisture from the air, and on account of the 
slow but continuous evaporation of the water the temperature of this 
soil is kept low or much lower than that of other soils, as will be shown 
in a subsequent experiment, but when it is covered with a thin layer 
sand, as was done in the present experiment, its temperature is higher 
that that of the other different tvpes of soil. A thin top dressing of 
sand, therefore, appears to increase the temperature of peat soils. This 
seems to be true also with the other heavy soils. 

It would seem, then, from this study, that the greatest difference 
in temperature between the different types of soil exists in the early 
spring during thawing and immediately afterwards. Perhaps this is 
the most important period of the year from the practical or agricul- 
tural point of view, and especially where planting in the spring has 
to be done very early, because at this season small differences in the 
temperature will make great differences in the rate of germination of 
seed and in the rate of growth of plants. The differences in the present 
case are quite appreciable. As has already been mentioned, the gravelly 
and sandy soils not only thawed first followed by clay 1 day later, 
loam 2 days later, and peat 10 days later, but the temperature of the 
former soils rose immediately about 10° or more above that of the 
other soils. It took the clay soil 11 days to attain the same tempera- 
ture as the light soils, the loam 12 days and the peat 82 days. Since 
this difference in the rate of thawing and rising of temperature in the 
various soil types is largely due to their different water content, and 
hence to the specific heat of water, the conclusion is irresistable that | 
water is the most predominal controlling agent of soil temperature at 
this period and is of disadvantage. This disadvantage, however, becomes 
an advantage during the rapid fall of the air temperature in the cold 
parts of the year. 

Special eo might also be alle to the thawing of the 18-inch 
depth of peat 7 days before the 12-inch. This is interesting because it 
tends to bt the general theory that the soil receives in the winter 
some heat from the interior of the earth. 


EFFECT OF THE METEOROLOGICAL ELEMENTS ON THB SOIL TEMPERATURE. 


So far the temperature of the different types of soil has been con- 
sidered as affected or controlled by the difference of their intrinsic or 
soil factors. It will now be well to consider the temperature of these 
soils in relation to the external or meteorological elements which are 
air temperature, sunshine, wind pressure, precipitation, dew point, 
cloudiness, ete. These meteorological elements are very complex as to 
their behavior and make it very difficult to see the influence of all of 
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them on the soil temperature. In the first place, some of them run in 
a direct or parallel course with each other, while others run in an 
inverse course. This opposing or contrary action makes it very hard 
to notice or correlate the influence of any element on soil temperature 
unless it is very predominant. In the second place, all these elements 
do not obey the same law from day to day and hence this makes it still 
more difficult to trace their influence on the soil temperature. 

As a rule, however, they tend to act with one another in the fol- 
lowing manner: (1) the air temperature tends to vary inversely with 
the pressure; (2) the sunshine varies directly with the pressure; (3) 
the air temperature tends to vary directly with the sunshine in the 
summer; (4) the dew point varies directly with the air temperature; 
(5) the wind velocity may vary directly with either extreme of pres- 
sure; (6) the precipitation may be inversely proportional to the pres- 
sure. 

Some of these meteorological factors tend to increase the soil tempera- 
ture and others to decrease it. High air temperature would tend to 
raise the temperature of the soil while low barometric pressure would 
favor greater evaporation and consequently the soil temperature would 
be kept down, all other conditions being equal. Sunshine varying di- 
rectly with the pressure would have a very positive influence in the 
warming of the soil. The wind velocity would have a cooling effect both 
on account of the continual movement of cool air and because of its 
accelerating effect upon evaporation. Precipitation in early spring 
may and may not raise the soil temperature, but in the summer it would 
tend to lower it both because its temperature is lower than that of 
the soil, and because of the greater evaporation that ensues immedi- 
ately after a rainfall. 

Space does not permit to discuss and to point out in detail the in- 
fluence of these elements singly or in combination on the present soil 
temperatures study. The reader can get a fair idea of their general 
run and influence by an examination of the charts. It will suffice to 
say that the only factor which the soil temperature follows very closely 
and overwhelmingly is the air temperature and hence, also, the dew 
point. The relationship of the soil temperature to the other elements 
is not very regular simply because their influences are secondary to 
that of the air temperature, also on account of the fact that they vary 
so much from day to day, also because their influences are opposed, 
hence the effect of the one is offset by the effect of the other. 

Special attention may be called to the effect of rainfall and snow 
on the soil temperature. It is the common belief that both these ele- 
ments exert a large influence on soil temperature. It is claimed that 
in the spring the precipitation tends to raise the soil temperature very 
perceptibly and in the winter the snow acts as a blanket over the soil 
and prevents its rapid loss of heat and thereby keeps its temperature 
high. 

Data collected on both these factors have led to the conclusion that 
the rainfall has been given more importance than it really deserves but 
that the snow does perform well the function that is attributed to 
it. As to the former, it will be seen by referring to the charts for 
April and May that whenever it rained the temperature of both the 
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air and the soi] went down far below what it was before the rain began. 
This might have been an exceptional spring, but even then it does not 
appear that the rainfall could be very effective in raising the tempera- 
ture of soil when it is considered (1) that it could be warmed up much 
faster on a rainless warm day, and (2) that the evaporation after the 
rainfall would tend to offset whatever warming effect the precipitation 
might have had. 

From the theoretical standpoint snow ought to protect the soil from 
very severe freezing and thus keep its temperature higher and steadier. 
Its effect would seem to be analogous to that of a cover crop, cover of 
straw, etc. It ought to act as a blanket and reduce the rapid loss. of 
heat, first by preventing the convection and wind current from coming 
in contact with soil, and second, because it is such a poor heat con- 
ductor. Where the thickness of the layer is considerable, snow is a 
very efficient agent in protecting the soil from very low temperature. 
An experiment that was conducted in the winter of 1912-1913 by plac- 
ing two electrical resistance thermometers 6 inches into the ground, 
the area oyer one being kept free from snow and that over the other 
being kept covered with snow, shows a marked difference in tempera- 
ture between the two cases. For instance, on March 5, when the mini- 
mum air temperature was—1° F., the temperature of the soil covered 
with about 5 inches of snow was 29.6° F., while that being free of 
snow was 23.6° F. On March 7, when the minimum air temperature 
registered—10° F., the temperature of the snow covered soil was 28.9° 
F., while that of the bare soil was 22.7° F. Before the snow had fallen, 
however, the temperature of both plots was the same and fluctuated 
to the same degree and with the same rapidity in both cases as the 
air temperature varied. The temperature records taken on the different 
types of soil and also on the soil with different amounts of organic 
matter throughout two winters show also very abundantly that when- 
ever these soils were covered with a thick layer of snow their tempera- 
ture remained much higher and steadier than when they were entirely 
unprotected, for the same or greater fall of air temperature. <A typical 
example of this fact will be found in the months of February and 
March, 1918. During the first part of February, the soils were free of 
snow, and their temperature fell very low whenever the air temperature 
dropped down very low. On the 6th of that month, for instance, the 
minimum air temperature registered was 3° F., and the temperatures of 
some of the light soils went down as low as 12° F. On the 7th of 
March, however, the soils were covered with about 5 inches of snow. 
The minimum air temperature registered for this day was—10° F., while 
the temperature of all the soils remained along the freezing point, 32° 
F., showing very conclusively that snow tends to protect the soil from 
very rapid changes and low temperature, and it is therefore of great 
advantage in the winter time. This advantage, however, becomes a 
temporary disadvantage in the spring because a layer of snow will re- 
tard thawing on account of the large latent heat of fusion of snow. 

This protecting effect of snow is undoubtedly greater on soils covered 
with straw or with growing vegetation which was planted in the fall 
than on bare soils, because the vegetation being very porous and com: 
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ing between the surface soil and the snow prevents a very intimate 
contact between the two and thereby cuts down the rapid loss of heat. 


DAILY AND MONTHLY RANGE OF TEMPERATURE, 


Mention has been made that the temperature of the different soil 
types under discussion, was recorded three times a day, at 7 a. m., 12 
m., and 6 p.m. At these periods high and low temperatures were ob- 
tained at all three depths. These temperatures are probably not the 
absolute maximum and minimum. ‘To obtain these it is necessary 
either to take records very often or continuously by means of thermo- 
eraphs or other continuous self recording instruments, because the 
absolute maximum and minimum temperatures of the various soils and 
of the different depths occur at different times. These low and high 
temperatures as obtained tri-urnally in the present work, however, are 
believed to be very close approximations to the absolute maximum and 
minimum, and especially for the upper 6-inch depth, which of course, 
for practical purposes, is the most important. The half-hour records 
which were taken at various times for the heat conductivity measure- 
ments, as well as the daily tri-urnal records, show that as a : ce 
rule the minimum occurred for the gravel and sand about 7 ; £0r 
the clay and loam about 12 m., and for the peat about 6 7 m..0On 
ihe other hand the maximum was attained for the gravel and a 
about 6 p. m., for the clay and loam a little later, and for the peat 
about 7 0 clock the following morning. The difference from the regular 
period to the time the highest or lowest reading was recorded is, there- 
fore, not very large. 

These high and low, or maximum and minimum, temperatures for all 
the different soils and for all three different depths are shown in the 
following tables and diagrams. The tables contain the daily and month- 
ly high and low temperature for each soil and for each depth. On the 
diagrams are plotted the differences or amplitudes of these maxima 
and minima. The daily meteorological elements are also plotted and are 
the same as in the foregoing charts, except the air temperature, in 
which case the difference or amplitude is shown here instead of the 
average as in the preceding charts. 
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TABLE 30.—DAILY 
Date— | Gravel. | Sand 
Maximum, | S 
minimum. 6” | 12" 18” | 6” 1; 127 1) 18” } 
* | | Boe | 
1 { Max...] 32. | 38.5 aa ere Ventana 
> UMin....| 31.3 | 33. | 35.9 | 31. | 33.2 | 36.8 
> {Max...| 32. | 33.5 | 36.5 | 82. | 34.1 | 37.4 | 
*\Min....| 31.5 | 33. | 36.1 | 31.7 | 33.5 | 36.9 | 
fMax...| 32.2 | 33.5 | 36.7 | 32.2 | 34.3 | 36.9 
\Min....| 31.2 | 33.2 | 36.2 | 31.8 | 34. | 36.1 
5 {Max...| 32.5 | $4.5 | 36.5 | 92, | 34, | 37. | 
\Min....| 32.3 | 34. | 36.2 | 31.8 | 33.9 | 36.6 
ieee 32.4 | 33.9 | 36.5 | 32.1 | 34. | 36.7 
Min....| 32.2 | 33.7 | 36.2 | 31.9 | 33.8 | 36.5 | 
~ {Max...| 31.8 | 33.5 | 36. | 31.7] 34. | 36.1 | 
(Min...) 31.7 | 38.1 | 85.7 | 31.2 | 32.7 | 35.8 | 
| | | 
g{Max...| 32.5 | 34. | 36.2 | 33.4 | 34,2 | 36.8 | 
\Mn...:] 32.1 | 33.8 | 36. | 32.2 | 34. | 36.3 
g (Max... 40.5 | 39.2 | 38.6 41.8 39.5 38.2 
\Mn....| 37. | 36.9 | 37. | 37.5 | Si Br? | 
yf Max... 41.9 | 42.1) 41.9 41.5 | 41.8 | 414 
\Min....] 41.8 | 42. | 41. | 41. | 41.5 | 40.5 | 
yo {Max...| 38,2 40.4 | 41.5 37.5 39.4 | 41.2 | 
Min...) 38. | 40. | 40.8 | 37.2 | 38.9 | 40.8 | 
13 (Max...) 37._ | 38.7 | 40.5 | 36.1 | 38 | 40.6 | 
\ Min....| 36.7 | 37.5 | 39.2 | 35. | 37.1 | 39.1 
14{ Mex 34.9 | 36.4 | 39.1 | 34. | 36.4 | 38.8 | 
Min....| 33. | 34.9 | 37.4 | 32.2 | 34.5 | 37.8 | 
ip (Max...| 33.7 | 95.4 | 38. | 33.3 | 35.1 | 38.1 | 
°\Min..../ 33. | 35. | 37.6 | 33. | 34.5 | 37.7 | 
| | | | 
ig { Max... 34. | 35.7 | 38. | 34. | 35.6 | 38.3 | 
Min... 33.5 | 35.2 | 87.3 | 33.5) 35. | 37.8 
1g {Max...| 34. | 35.9 | 37.9 | 34.2 | 36. | 38.2 | 
\Min....! 33.9 | 35.1 | 37.7 | 33.8 | 35.2 | 37.8 
ig {Max...| 35.2 36.4 38.1 34.9 | 36.2 | 38.8 | 
Min....| 34.8 | 35.8 | 37.9 | 34.4 | 36. | 38.1 
og { Max... 34.8 | 36.8 38. | 34.9 | 35.6 37.9 
Min....! 33.1 | 34.5 | 36.8 | 33. | 34.8 | 37. 
91 { Max...| 33.9 | 35.2 | 87.2 | 33.5 | 35. | 37. | 
| Min....| 32.5 | 33.8 | 35.8 | 32.1 | 33.9 | 36.5 | 
o9{ Max... 34.4 34.1 | 36, 35. | 34.9 | 36. | 
2 \Min....' 32. | 33.1 | 35.4 | 32.1 | 33.5 | 35.7 | 
| | 
og { Max... 33.9 | 34.9 36.8 33. | 34.5 36.5 
| Min...:| 33. | 34.5 | 36. | 32.5 | 34.5 | 36.4 
g {Max...| 32.5 | 33.9 | 35.9 | 32.5 | 34.1 | 36.5) 
#0) Min....| 31.9 | 33. | 35.3 | 31. | 33.1 | 35.9 
| 
o7 { Max... 32.3 | 34.9 35.6 33.8 | 34.8 36.1 
“\Min....) 31.4 | 32.8 | 33.8 | 31.6 | 33.3 | 35.1 | 
og (Max... 32.4 | 33.3 35.4 31.8 | 33.6 36.4 | 
“3 Min....| 31.6 | 32.2 | 34.9 | 30.5 | 32.9 | 35.6 
og { Max... 31.3 32.4 35. | 31.2 | 32.7 35.9 
\ Min....| 29.7 | 30.8 | 33. | 28.9 | 81.9 | 35. | 
go (Max... 30.6 31.8 | 33.8 30,5 | 31.6 | 34.4 
{Min....| 20.7 | 29.9 | 33.1 | 30. | 31.3 | 34.2 
Monthly 


range.... 


| 
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| | | 
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TABLE 31.—DAILY MAXIMUM AND MINIMUM TEMPERATURE OF DIFFERENT TYPES OF SOIL, JAN. 1912. 


Date— | Gravel. | Sand. Loam. Clay. | Peat. 
Maximum, | | 
eee A OE RP Re DY ae 1) SSE ee eo er ee tee Nee ee 
1 {Max...| 30.7 31.8 | 35. | 30.1 | 32.6 | 34.5 | 30.8 | 32.7 | 34.8 | 31.2 | 33.3 | 34.9 | 32.6 | 33. | 35.4 
| Min....| 27.8 | 29. | 31.6 | 28.2 | 30.4 | 31.9 | 28.7 | 30.8 | 32.5 | 29.1 | 31.9 | 33.7 | 30.5 | 32. | 34.9 
| | 
9 {Max...| 28.3 | 31.1 | 33.4 | 27.7 | 31.4 | 33.8 | 29.8 | 32.1 | 35. | 30.4 | 32.2 | 33.5 | 30. | 31.8 | 35.1 
“\Min....| 26.7 | 30. | 32.3 | 25.6 | 29.6 | 32.7 | 28.3 | 30.6 | 33.2 | 28.1 | 30.7] 31. | 28.6 | 30.1 | 33.6 
3 | Max...) 24.4 28.6 | 32.1 22. | 30.3 33.5 | 27.7 | 32.2 | 35.3 | 28.4 | 31.1 33.8 | 29.2 31.6 34.5 
| Min....] 19.3 | 23.4 | 25.2 | 19.5 | 24.9 | 28.7 | 25.4 | 29.6 | 30.3 | 27. | 30.6 | 32.1 | 28.5 | 30.9 | 33.6 
‘Max... 26.2 29.2 | 33.5 | 24.3 | 29.9 34.3 | 28.9 | 32.9 | 35.5 | 28.8 | 32.8 34.5 | 29.9 33.2 35.9 
\Min....| 25.9 | 29. | 33.1 | 24. | 29.5 | 34. | 28.8 | 32.8 | 35.2 | 28.5 | 32.5 | 34.5 | 29.8 | 33. | 35.8 
5 {Max...| 21.4 | 26.8 | 33.1 | 19.5 | 27.8 | 33.5 | 26.5 | 32.6 | 35. | 26.8 | 32. 3a.t | 27. | 32.7 | 35.3 
\Min....| 20.6 | 26. | 32.3) 17. | 26.3 | 33.2.| 24.9 | 31.9 | 35. | 24.9 | 31.8 | 33.8 | 24.4 | 32.4 | 35.2 
| | | | 
gf Max...) 19. | 24.9 | 32.2 | 15.3 | 25.7 | 33.1 | 23.5 | 31.9 | 34.9 | 23.8 | 31.8 | 34.1 | 21.5 | 32.2 | 35.5 
| Min....] 18.9 | 23.7 | 31. | 14.4 | 24. | 32.1] 23. | 31.5 | 34. | 23.3 | 31.2 | 33.5] 21. | 32.1 | 34.9 
g{Max...| 21.2 |.24, | 30. | 18. | 23.7 | 31.5 | 22.6 | 29.6 | 33.7 | 22.2 | 29. | 33.2) 20.5 | 31.9 | 34.1 
| Min....| 18.9 | 22.8 | 29.5 | 15. | 22.5 | 31.3 | 21.5 | 29.5 | 33.5 | 21.4 | 28.8 | 32.1 | 19. | 31.5 | 34. 
9 (Max...| 25. | 27. | 30.4 | 22.1 | 25.8 | 31.6 | 25. | 29. | 32.8 | 24.2 | 28.2 | 32. | 22. | 31. | 34. 
\Min....] 23.7 | 25.8 | 30.1 | 20. | 25.3 | 31.4 | 24. | 28.7 | 32.5 | 23.1 | 27.4 | 31.5 | 21.5 | 31. | 33.7 
| | 
jo { Max...) 25.6 | 27.6 30.8 23.2 | 27. | 31.5 | 25.2 | 29.4 | 32.8 | 24.8 | 28.7 | 31.3 | 23.4 | 31. | 34. 
\Min....| 25. | 27.3 | 30.5 | 23.1 | 26.8] 31. | 25. | 29. | 32.4 | 24.5 | 28.3 | 31.2 | 23. | 30.6 | 33.5 
11 { Max...| 26. | 27.9 | 30.4 | 23.9 | 28. | 31.8 | 26.6 | 29.2 | 33. | 24.9 | 28.1 | 31.6 | 24. | 30.4 | 33.5 
| Min....| 25.5 | 27.8 | 30.2 | 23.7 | 27.2 | 31. | 25.8] 20. | 32.3 | 24.4] 28. | 31. | 23.9] 30. | 33.4 
1p { Max...| 26.3 | 27.9 | 30.3 | 24.8 | 28.2 | 31.1 | 26.1 | 29.2 | 31.4 | 24.9 | 28.1 | 30.9 | 23.6 | 29. | 33. 
“\Min....| 25.8 | 27. | 30. | 23.1 | 27. | 30.1 | 25.1] 29. | 31.1 | 24. | 27.5 | 30.6 | 22.8 | 28.8 | 32.8 
| | } | 
1g {Max...| 24.6 | 27. | 30.1 | 23.4 | 27.5 | 30.3 | 25.2 | 28.2 | 31.3 | 22.3 | 27.5 | 30.5 | 22. | 28.2 | 32.4 
|Min....| 24.3 | 26.2 | 29. | 23. | 26.9 | 30.2 | 24.8 | 28.1 | 31.1 | 22.2 | 26.8 | 30.4 | 21.7 | 27.2 | 32 
15 /Max...| 25.6 27.9 30.8 | 24.8 27.9 | 30.8 | 25.6 | 28.7 31.8 | 24.4 | 27.7 | 30.7 | 24.4 | 28.6 | 32.7 
| Min....| 25.2 | 27.9 | 30.5 | 24.5 | 27.6 | 30.5 | 25.3 | 28.5 | 31.4 | 24.1 | 27.4 | 30.2 | 24.1 | 28.4 | 32.4 
| | | 
16 { Max...| 25.4 | 27.6 | 30.3 | 24. | 27.7 | 30.5 | 25.5 | 28.8 | 31.5 | 24.5 | 27.3 | 30. | 23.5 | 28.4 | 32.4 
| Min....] 25. | 27.5 | 30.3 | 23.9 | 27.7 | 30.5 | 25.3 | 28.7 | 31.4 | 24.3 | 27.2 | 30. | 23.2 | 28. | 32.3 
| 
17 {Max...| 25. | 27.3 | 30.2 | 24.8 | 27.5 | 30.4 | 25.5 | 28.8 | 31.3 | 25. | 27.3 | 30.2 | 23.7 | 28.1 | 32.3 
\Min....| 24.4 | 26. | 29. | 23.2 | 26.2 | 20.5 125.1 | 28.6 | 30.9 | 24.5 | 27. | 29.9 | 23.2 | 27.9 | 32.1 
| 
1g {Max...| 29. | 30. | 31. | 27.7 | 20. | 31.4 | 27.3 | 20.1 | 31.9 | 27. | 28.5 | 30.6 | 26.8 | 28.8 | 32.8 
© Min....| 27. | 28.3 | 30.8 | 25. | 28.5 | 31.2 | 26.5 | 28.9 | 31.5 | 26. | 27.7 | 30.3 | 25.7 | 28.6 | 32.5 
19 {Max...| 29.5 | 30. | 31. | 28.3 | 29.9 | 31.5 | 27.5 | 29.3 | 31.9 | 27.6 | 28.8 | 30.5 | 27.1 28.8 | 32.8 
“(Mum....| 29. | 29.7 | 30.9 | 27.9 | 29.8 | 31.1 | 27.3 | 29.1 | 31.4 | 27.3 | 28.6 | 30.4 | 26.6 | 28.7 | 32.6 
on { Max...| 27.6 | 28.7 | 30.8 | 26.3 | 29. | 31.3 | 27. | 28.9 | 31.2 | 27. | 29.6 | 30.3 | 25.5 | 28.6 | 32. 
\Min....| 27. | 27.5 | 30. | 25. | 28.6 | 29.9 | 25.7 | 28.4 | 30. | 26. | 27.9 | 29.6 | 23. | 27.7 | 31.3 
| | ] 
oo {Max...| 28.2 | 28.3 | 30.8 | 27. | 29.1 | 30.8 | 26.2 | 29.1 | 31. | 27.2 | 28.2 | 30.3 | 26.3 | 28.4 | 32. 
““\Min....| 27. | 27.8 | 29.9 | 25.5 | 28.3 | 30. | 26. | 28.3 | 30.1 | 26.9 | 28.1 | 29.2 | 25.3 | 27.1 | 31.6 
93 { Max...| 28.4 | 29.3 | 30.9 | 27.7 | 29.5 | 30.9 | 27.1 | 29.1 | 31.1 | 28. | 29.1 | 30.3 26.8 28.5 | 32. 
“)) Min....| 27.8 | 28.8 | 30. | 27. | 28.5 | 30.4 | 26.5 | 28.5 | 30.6 | 27.8 | 29. | 30. | 26.5 | 28.5 | 31.8 
o4{Max...| 29.1 | 30. | 31.4 | 28.4 | 30.2 | 31.8 | 28.4 | 30. | 31.7 | 28.7 | 30. | 31.1 | 27.4 | 29.2 | 32.8 
“*) Min....| 28.4 | 29.8 | 31.3 | 28. 130. | 31.5 | 28. | 29.9 | 31.3 | 28.4 | 29.8 | 30.5 | 27.2 | 20. | 32. 
\ | } | | 
or {Max...| 28. | 30. | 31.7 | 28. | 30.1 | 31.7 | 28.2 | 30. | 81.8 | 28.5 | 29.7 | 31.2 | 27.2 | 29.1 | 32. 
| Min....| 28.7 | 29.7 | 31.5 | 27.7 | 29.9 | 31.5 | 28. | 29.9 | 31.4 | 28.2 | 29.7 | 30.9 | 26.9 | 29. | 32. 
og { Max...| 28.6 | 29.6 | 31.5 | 27.5 | 30. | 31.5 | 28.1| 30. | 31.6 | 28.3 | 30. | 31.2 | 27.2 | 29.5 | 32.4 
“(Min....| 28.5 | 20.4 | 31. | 27.3 | 29.9 | 31.3 | 28. | 29.9 | 31.5 | 28.1 | 29.9 | 30.9 | 27. | 29. | 32.2 
o7 {Max...| 29. | 30. | 31.3 | 27.7 | 30.2 | $1.6 | 28.2 | 30. | 31.6 | 28.6] 30. | 31. | 27.4 | 29.5 | $2.1 
“"\ Min....| 28.8 | 29.8] 31. | 27.5] 30. | 31.6 | 28. | 29.8 | 31.3 | 28.4 | 20.8 | 30.6 | 26.9 | 29.1 | 31.8 
| 
op { Max...| 28.5 (29.4) 31.1 | 27.6 29.8 | 31.2 | 27.9 | 29.4 | 31.2 | 28.4 | 29.8 | 30.7 | 27. | 28.8 | 31. 
<"\ Min 27.9 | 28.7 | 30. | 26.8 | 28.8 | 30.7 | 27.3 | 28.7 | 30.5 | 27.8 | 28.8 | 20.9 | 26.6 | 28.4 | 31. 
gp (Max... 28.2 | 29.2 | 30.2 | 27.2 28.9 31. | 27.5 | 28.9 | 30.9 | 282 | 29.1 | 30.2 26.9 28.5 | 31.4 
\ Min 27.7 | 28.9 | 29.4 | 26.5 | 27.6 | 30.1 | 26.9 | 28.1 | 20.5 | 27.2 | 28.4 | 20.5 | 26.2 | 27.8 | 30.1 
31 { Max...| 20.2 | 29.9 | 31. | 28.2 | 29.4 | 31. | 28. | 29.1 | 30.9 | 28.6 | 29.1 | 30.1 | 27.8 | 29. | SI. 
| Min 28.8 | 29.5 | 30.3 | 27.6 | 29. | 30.9 | 27.9 | 28.9 | 30.8 | 28.5 | 29. | 30. | 27.4 | 28.8 | 30.8 
Monthly | 
range..... 0.94, 0.89, 0.92 1.10 0.95 0.72 0.70) 0.50 0.75) 0.70, 0.52 0.58 0.76 0.45 0.41 
| i | 


' | 
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TABLE 32.—DAILY MAXIMUM AND MINIMUM TEMPERATURE OF DIFFERENT TYPES OF SOIL, 
FEBRUARY, 1912. 


Date— Gravel. | Sand. Loam. Clay. | Peat. 
Maximuny:|0> 6 Vo ETS eee ee |e, & 
minimum. 6" | 12” | 18” 6” | 12” | 18” 6” 12” | 18” 6" 12” | 18" 6” | 12” | 18” 
-_ j i | | — ee OS ee EO TS Or > 
1 {Max...| 28. | 29.9 | 31. | 27.7 | 29.5 | 31.2 | 28.7 | 29.2 | 31. | 28.6 | 29.3 | 30.4 | 27.5 | 28.9 | 31.2 
| Min....| 28.8 | 29.7 | 30.6 | 27.2 | 29.4 | 30.9 | 27.6 | 28.9 | 30.8 | 28.2 | 29.1 | 30.2 | 27. | 28.6 | 31. 
| 
> {Max...| 28.9 | 30. | 31.3 | 27.8 | 29.7 | 31.1 | 28.5 | 29.2 | 31. | 28.8 | 29.5 | 30.5 | 27.5 | 28.8 | 31.4 
?\Min....| 28.8 | 29.8 | 30.8 | 27.3 | 29.4 | 30.9 | 27.8 | 28.9 | 30.8 | 28. | 29. | 30. | 26.8 | 28.2 | 31. 
| ! | 
3 { Mex... 29. | 30. | 31.2 | 27.6 | 29.6] 31. | 28.5! 29.3 | 31. | 28.8 | 29.8 | 30.7 | 27.4 | 29.3 | 31.5 
$\Min...°| 28.4 | 29.5 | 30.6 | 27. | 29. | 30.5 | 28. | 28.8 | 30.3 | 28.4 | 29.4 | 30.4 | 27. | 28.8 | 30.8 
5 {Max...| 28.6 | 30. | 31.6 | 27.5 | 30. | 31.4 | 28.1 | 30.1 | 31.3 | 28.5 | 30.1 | 31 | 27.5 | 29. | 31.5 
(Min... 28:4 | 20:6 | 30.6 | 27-3 | 29.5 | 30.8 | 28. | 29.9 | 30.5 | 28. | 29.8 | 30.2 | 27.1 | 28. | 30.4 
g{Max...| 28.5 | 29.8 | 31.7 | 27.5 | 30. | 31.4 | 28.1 | 30. | 31.6 | 28.7 | 30.4 | 31.1 | 27. | 29.2 | 32. 
| Min...:| 28.4 | 29.7 | 31.3 | 27. | 29-8 | 31.3 | 27.9 | 29:8 | 31.5 | 28.6 | 30.3 | 31. | 26.9 | 29.1 | 31.8 
| 
7 {Max...| 28.5-| 30. | 31. 1] 27.2 | 29.9 | 31.3 | 28.2 | 29.6 | 31.6 | 28.6 | 30.2 | 31. | 27.1 | 29. | 31.9 
Min... | 28.4 | 29'9 | 31. | 26.9 | 29:7 | 31-1 | 28. | 29.6 | 31-2 | 28.5 | 29.9 | 30.8 26.9 | 28.9 | 31.9 
' tN } | ) 
.{ Max...) 28.4 | 29.4 | 30.6 | 27.2 | 29.9 | 31.2 27.6 | 29.1 | 30.9 | 28.1 29.7 | 30.4 27.1 29. | 31.7 
\ Min... .| 28.1 | 29.2 | 30.5 | 26.8 | 29.7 | 31. | 27.5 | 28.9 | 30.7 | 27.8 | 29.4 | 30.2 | 26.8 | 28.8 | 31.3 
g { Max...| 28.7 | 29.8 | 31.2 | 26.9 (30. | 31.7 28.1 | 30.3 | 31.5 | 28.6 | 29.6 30.6 27.3 | 29.3 32.1 
\Min....] 28.4 | 20.2 | 30.9 | 26.33] 29.5 | 31.4 | 27.6 | 29.5 | 31. | 28.3 | 29.4 | 30.3 | 27.2 | 29.1 | 31.9 
| | | | | j 
19 {Max...| 28.4 | 28. | 31. | 25.5 | 29. | 31.4 | 27.2 | 29.7 | 30.9 | 27.1 | 29.3 | 30.5 | 27. | 28.8} 31.3 
\Min...-| 26.8 | 28-9 | 30.9 | 22. | 28. | 31. | 25.5 | 29.44 30.8 | 26. | 28.9 | 30.2 | 26.6 | 28.7 | 31. 
io. {Max...| 28.1 | 29.1 | 31. | 25.2 | 28.3 | 31.3 | 26.3/| 29.3 | 30.9 | 26.4 | 29. | 30.2 26.7 | 28.9 | 31.7 
\Min...:] 27:9 | 29. | 30.9 | 25. | 28.1 | 30.4 | 26.1 | 29. | 30.9 | 26.2 | 28.8 | 30.1 | 26.2 | 28.4 | 31.5 
13 {Max...| 27.9 | 29. | 30.6 | 25.3 | 28.2 | 30.7 | 26.8 | 28.7 | 30.6 | 26.2 | 28.4 | 29.9 | 26.8 | 28.6 | 31.2 
| Min...:] 27.5 | 28.9 | 30.6 | 25.2 | 27.9 | 30.3 | 26.5 | 28.4 | 30.3 | 25.9 | 28.3 | 29.9 | 26.7 | 28.5 | 31.2 
| | 
14{ Max 28.3 | 29. | 30.7 | 25.9 | 28.7 | 30.3 | 26.3 | 28.5 | 30.8 | 26.4 | 26.5 | 30. | 27. | 28.5 | 31.6 
Min...-] 27.9 | 28.9 | 30.5 | 25.3 | 28.4 | 30.3 | 26.1 | 28.3 | 30.6 | 26.3 | 28.3 | 30. | 27. | 28.3 | 31.3 
15 {Max...| 28.8 | 29.6 | 30.7 | 27.4 | 29.1 | 30.6 | 27. | 28.8 | 31. | 27. | 28.7 | 30.2.| 27-6 | 28.7 | 31.6 
\Min....| 28°8 | 29.3 | 30.5 | 26.32] 29. | 30.3 | 26.9 | 28.4 | 30.8 | 27. | 28:7 | 20.9 | 27.3 | 28.5 | 31. 
! | | | 
ig {Max...| 28. | 29.5 | 30.4 | 28.2)| 29.4 | 30.7 | 27.4 | 28.5 | 30.5 | 27.6 | 28.9 | 30.1 | 28.1 | 28.9 | 31.2 
\Min....| 28-9 | 29.5 | 30.2 | 27-97) 29.2 | 30. | 27.1 | 28.3 | 30. | 27.3 | 28.8 | 29.1 | 27.6 : 28.7 | 31. 
17 { Max. 28.8 29.3 30.2 | 28.2 | 29.5 | 30.4 27.4 | 28.3 | 29.7 | 27.6 | 28.6 | 29.5 | 28.3 29. | 31.1 
Min....| 28-3 | 28.8 | 29.9 | 27.9 | 28.6 | 30. | 27.3 | 28.1 | 29.5 | 27.1 | 28.5 | 29.2 | 28.2 | 28.9 | 30.8 
19 {Max...] 90.5] 31. | 31.7 | 31. | 31. | 31.7 (29.3 | 30.1 | 30.4 | 29.2 29.4 30.3 | 29.8 | 30.1 | Si. 
\ Min...:| 28:8 | 29.3 | 30.2 | 29.2 | 29-7 | 30.8 | 28.2 | 29. | 30. | 27.8 | 28. | 29.9 | 28.9 | 29.4 | 31. 
op {Max...| 30.7 | 31.1 | 31.5 | 31. | 31.2 | 31.6 | 29.5 | 30.2 | 31.1 | 29.9 | 30. | 30.8 | 30.3 | 30.2 | 31.3 
\Min..../ 30. | 30.5 | 31-2 | 30.8 | 31. | 30:9 | 29. | 29.5 | 30.5 | 29.4 | 29.5 | 30.7 | 29.6 | 29.8 | 31. 
o3 {Max...| 28.5 30. | 30.8 | 30.2 | 30.4 31.2 29.2 | 29.6 | 30.6 28.9 | 30.1 | 30.4 | 29.1 | 30.3 | 31.5 
\Min....| 29.4 | 29.9 | 30.5 | 30.2 | 30.3 | 30.7 | 28.5 | 20.5 | 30.3 | 28.8 | 29.5 | 30.4 | 28. | 29.2 | 31.3 
og { Max... 30.4 31.5 | 31.2 31.7 | 31.4 | 31.1 | 30.1 | 30.4 | 31.3 | 30.6 | 30.7 | 31. | 29.5 | 30.5 | 30.8 
| Min....| 30.1 | 30.4 | 30.4 | 30.6 | 30.3 | 30.5 | 29.8 | 30.2 | 30. | 29.4 | 29.5 | 30.2 | 29.4 | 29.5 | 30.6 
og {Max.../ 31.6 31.5 | 31.6 | 31.5 | 31.7 | 31.9 | 29.7 | 30.6 | 31.4 | s0.6 | 31.4 | 31. | 30.8 | 30.3 | 31.9 
\Min...:| 30.3 | 30.5 | 30.6 | 30.5 | 30.5 | 31. | 29. | 29.7 | 30.3 | 29.3 | 20.6 | 30.2 | 20.4 | 29.4 | 30.2 
~ {Max...| 30.6 | 31.2 | 31.7 | 31.2 |'31.9 | 32. | 30.1 | 30.6 | 31.4 | 30.3 | 31. | 31.2 | 30.9 | 30.9 | 31.9 
“1 Min. ...| 30.4 | 31. | 30.9! 30.8 | 31. | 31. | 29.4] 30. | 31. | 30. | 30.2 | 30.7] 30. | 30. | 31.5 
| | ainn me 
og {Max...| 31. | 31,3 | 31.3 | 31.2 | 31.4 | 31.8 | 29.8 | 30.2 | 31.2 | 30.2 | 30.6 | 30.9 | 30.3 | 30.4 | 31.5 
\Min....| 30.9 | 31.1 | 31.1 | 31. | 30.9 | 31.3 | 29.8 | 30.1 | 30.9 | 30.1 | 30.3 | 30.9 | 30.3 | 30.2 | 31.4 
o9 { Max...| 31.1 | 31.4 | 31.5 | 31. | 31.3 | 31.6 | 30.1 30.7 | 31.4 | 30.8 30.8 31.3 | 30.8 30.5 31.5 
“9\Min....| 31. | 31.1 | 31.4 | 31. | 31.2 | 31.5 | 29.9 (30.3 | 81. | 30.3 | 30.6 | 31.2 | 30.5 | 30.4 | 31.3 
Monthly 7 se } } 
range....| 0.42 0.37) 0.41) 0.63) 0.48) 0.48 0.46 0.37, 0.42| 0.47 0.44 0.32) 0.43 0.99) 0.36 
| | | ; \ 7 


| | 
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TABLE 33.—DAILY MAXIMUM AND MINIMUM TEMPERATURE OF DIFFERENT TYPES OF SOIL, 
MARCH, 1912. 


Date— | Gravel. Sand. Loam. | Clay. Peat. 
Maximum, > ite a 
minimum, 6" 12” 18” 6” 12” | 18” 6” 12” 18” 6” I 12” 1 18” 6” 12” 18” 
{ Max 31.1 | 31.3 | 31.6 | 31.1 | 31.4 | 33.7 | $0. 30.5 | 31.2 30.8 | 30.6 | 31.3 | 30.5 | 30.7 | 31.4 
| Min 30.9 | 31.1 | 31.5 | 31.1 | 81.1 | 31.7 | 29.9 | 30.4 | 31. | 30.5 | 30.5 | 31.3 | 30.5 | 30.6 | 31.4 
| } | 
> J Max...| 3I. sI.3 31.4 | 31. 31.5 31.9 | 30. 30.5 | 31.41 30:5 | SI. 31.8 | 30.4 | 30.9 | 31.8 
= Mine... 1 S0t9s| S132) 31237 13k 31.4 31.8 | 29.9 | 30.5 | 31.2 | 30.4 | 30.9 | 31.3 | 30.3 | 30.7 | 31.7 
| | | } 
4 fMax...| 30.9 | 31.2 31.6 | 31. 31.3 32 30. 31 31.4 | 30.7 | 31.2 | 31.9 | 29.9 | 30.7 | 31.8 
\ Min....| 30.8 | 30.9 | 31.3 | 30.8 | 30.9 | 31.7 | 29.6 | 30.8 | 31.4 30.3 | 30.9 | 31.3 | 29.8 | 30.1 | 31.5 
5 {Max...| 30. | 30.8 | 31.5 | 30.7 | 31.1 (31.9 29.8 30.9 31.5 30. | 30.9 31.3 | 29.8 30.5 31.4 
| Min | 29.9 | 30.4 | 31.2 | 30. 31.1 | 31.9 | 29.1 | 30.8 | 30.9 | 29.4 | 30.9 | 31. 28.8 | 30. | 31.3 
J Max | 29.9 | 30.3 | 31.2 | 29.9 | 31.1 31.8 | 29. 30. 31. | 29.1 | 30. 30.8 29. 30. 31.5 
| Min | 28.6 | 30. 31.1 | 29.2 | 30.9 | 31.5 | 28.5 | 29.9 | 30.3 ; 29.1 | 30. 30.8 | 28.4 | 29.3 | 31. 
> {Max...| 29.2 | 30.3 | 31.8 | 30. | 31.2 | 32.1 | 29.2 | 30.5 | 31.8 | 30. | 30.8 | 31.4 | 28.9 | 30. | 31.6 
| Min 28.9 | 29.9 | 31.4 | 29.3 | 30.9 | 32.1 | 28.9 | 30. 31. | 29.5 | 3073° | ol: 27.3: | 200f41 die 
(Max.../ 29.1 | 30. | 31.1 | 29.5 | 30.8 | 31.9 | 28.8 | 29.9 | 30.9 ; 30. | 30.1 | 30.9 | 28.6 | 29.9 | 31.3 
~ | Min....} 28.9 | 29.5 | 30.8 | 29.2 | 30. 31 28.3 | 28.9 | 30 28.3 | 29.3 | 30.3 | 28.5 | 29. | 30.9 
| | 
{Max...| 29.9 | 30.4 | 31.1 | 30.1 | 30.9 | 31.5 | 29.2 | 30. 30.9 | 29.4 | 30. 30.3 | 29.2 | 29.4 | 31.2 
\ Min _.| 29.8 | 30.3 | 31.1 | 30. | 30.6 31.2 | 29.1 | 30. 30.6 | 29. | 29.8 | 30.2 | 28.5 |29. 31.2 
11 f Max...| 30.5 | 31.2 | 31.8 | 30.9 | 31.6 | 32. | 29.6 | 30.5 | 31.4 | 30. | 31. 31.5-| 300. 15303 $1.7 
\ Min....] 29.7 | 30.2 | 31.3 | 29.4 | 30.8 | 31.6 | 28.9 | 29.9 | 30.8 | 29.9 | 30.3 | 30.9 | 29.3 | 29.7 | 31.2 
| | | | | | | 
12 { Max 29.8 | 30.2 | 31.1 | 29.9 | 30.8 | 31.4 | 29.4 | 30.1 | 30.8 | 30 30.3 | 30.9 | 29.4 | 30. | 3I 
“| Min 29.4 | 30. 31 29.3 | 30.7 | 31.2 | 29.1 | 29.9 | 30.3 | 29.3 | 29.9 | 30.4 | 29.2 | 29.8 | 30.9 
| | 
13 { Max...) 30.5 | 30.9 | 31.9 | 30.6 | 31. 31.6 | 29.9 | 30.5 | 3! | 30.1 | 30.5 | 31.4 | 29.8 | 30.3 | 31.6 
(Min....} 30. | 30.5 | 31.3 | 30 30.8 | 31.4 | 29.4 | 30. 30.7 29.9 | 30.1 | 30.9 | 29.6 | 30. 31.1 
| 
{ Max 29.9 | 30.1 | 31. | 29.6 | 30.4 | 31.3 |29.3 | 30 30.9 | 29.8 | 30. 30.6 29.4 29.9 | 30.9 
| Min 29.3 | 29.6 30.1 | 29.1 | 30. | 30.9 | 28.8 | 29.3 | 30.1 | 28.9 | 29.5 | 30. 28.3 | 28.5 | 29.9 
| ! 
15/ Max...| 30.2 | 30.4 | 31.2 | 30. 30.3 | 31.2 | 30 30.5 | 31.4 | 29.9 | 30.4 | 31.3 | 29.8 30.3 | 31 
= Mine 30.2 | 30.4 | 31.2 | 30. 30.3 | 31.2 | 30 30.5 | 31.4 | 29.9 | 30.4 | 31.3 | 29.8 | 30.3 | 31 
16 {Max...| 30.5 | 30.9 31.5 | 30 30.5 | 31.6 | 30. | 30.3 | 30.9 | 30.3 | 31 31.3 | 29.9 | 30.4 | 31.3 
| Min....} 29.5 | 29.9 | 30.6 | 29.7 | 30. 31.1 | 29. | 29.6 | 30.3 | 29.9 | 30. | 30.4 | 29.4 | 29.5 | 30.4 
1g / Max...) 30.3 | 30.6 | 31. 30.3 | 30.7 31.4 | 29.5 | 30.2 | 31. 30. 30.2 31. (29.9 | 30. 31.1 
{| Min....} 30.1 | 30.4 | 30.9 | 30.1 | 30.5 | 31.2 | 29.4 | 30 30.8 | 29.9 | 30.1 | 30.8 | 29.8 | 29.9 | 30.9 
| 
19 / Max...) 30.7 | 30.9 | 31.2 | 30.8 | 31 | 31.7 | 29.8 | 30.2 | 31 30.2 | 30.5 | 30.8 | 30.1 | 30.1 | 31.2 
Min....| 30.1 | 30.5 | 30.9 | 30.3 | 30.7 | 31.3 | 29.5 | 29.9 | 30.7 | 29.9 | 30.2 | 30.5 | 29.9 | 29.9 | 31 
| | | 
91 / Max...| 28.9 | 29.4 30.3 | 29.8 | 30.3 30.9 | 28.6 29.5 | 30. 29. 29.6 29.9 28.8 | 29.9 30.8 
Son Mince | OSS [aot 29.9 | 29 29.1 | 29.9 | 27.9 | 28.3 | 28.6 | 28.9 | 29.1 | 29.4 28.6} 29. | 30. 
99 ! Max. 29.4 | 29.8 | 30.6 | 30.2)| 31.2 | 31 29.2 | 30.1 | 29.9 | 29.5 | 30.1 | 30.6 | 30. | 30 | 30.3 
“ | Min... 27.8 | 28.8 | 30. | 29. 29.7 | 29.9 |} 28.1 | 28.9 | 29.1 | 29. 29.6 | 29. | 28.8 | 29.6 | 30. 
| | | | | | 
23 Max.../ 29.5 | 30.2 | 30.6 30. 30.6 | 31.5 | 30. 30.3 | 30.1 | 30.2 | 30.7 | 30.6 | 30.7 29.9 | 31.3 
~~ \Min....] 29.2 | 29.9 | 30. | 29.9 | 29.9 | 31 29.7 | 29.3 | 29.3 | 29.8 | 30.2 | 29.8 | 29.5 | 29.5 | 31 
25 / Max | 30. 30.4 | 31.4 | 30.3 | 31.3 | 31.8 | 29.9 | 30.6 | 31.5 | 30.1 | 30.6 | 31.4 | 30. | 30.2) 31.7 
~\ Min....| 29.4 | 30.1 | 31.3 | 30.3 | 31.1 | 31.1 | 29.5 | 30. | 30.9 | 29.8 | 30.2 | 30.6 | 29.8 | 29.5 31.2 
| ] 
og / Max... | 30.5 | 31.2 | 31.5 | 30.8 | 31.3 | 3|.7 | 29.7 | 30.7 | 30.6 | SO. | 30.5 | 30.7 | 30. | 30.3 | 31.3 
~ |Min....] 30.2 | 30.8 | 31.2 | 30.6 | 29.9 | 31.5 | 29.3 | 30. 30.2 | 29.8 | 29.9 | 30.2 | 29.8 30. | 31 
y7 { Max...| 30.5 | 30.9 Si.37|(30,8 | 3151 | $2.1 | 31.5 30.6 | 31.5 | 30.7 | 30.9 | 31.2 | 30.1 | 30.5 | 31.7 
“" \ Min....| 29.7 30.4 | 30.8-| 29.3 | 30.2 | 31. 29.4 | 30.3 | 30.8 | 30.5 | 30.5 | 30.9 | 29.9 | 30.4 | 31.3 
| | | | | | 
og | Max...) 30.8 | 31.2 | 31.2 | 30.8 | 31.2 | 32. 30.4 | SI. SI. |*30.7-|-30.8' | 3, 29.9 | 30.8 | 31.9 
Soul MIN. oa,!| OO: 30.6 30.3 | 30. | 30.4) 31. | 29.4) 30. | 30.3 | 30.3 | 30.3 | 30.7 | 29.8 | 30.4 | 31.2 
| |. | | | | | | 
99 Max. 31.8 | 31.6 | 31.4 | 31.2 | 31.3 | 31.8 | 30.8 | 31.2 31.3 | 30.7 | 31.7 | 32. 30.7 | 30.3 | 31.1 
<* | Min... 28.8 | 28.2 | 29. 28.3 | 29. | 29.1 | 28.5 28.8 | 29.5 | 29.5 30. | 30.1 | 29.6 | 29.8 |-30.7 
| 
30 Max...| 30.4 | 30.9 | 30.9 | 30.9 | 30.9 | 32.1 | 30.7 | 30.6 | 30.9 | 30.8 31.1) 3. | 30.8 30.8 31.9 
| Min....} 30.2 | 30.6 | 30.8 | 30.8 | 30.7 | 31.8 | 30.2 | 29.9 | 30.7 | 29.6 | 30.7 31. \ 30.7 | 30.3 | 30.1 
| | | 
Monthly call 
range....| 0.58 0.53) 0.44) pel 0.57, 0.51 0.59 0.57, 0.58 0.43) 0.43, ey 0.47 | 0.43 
| | | } \ | | 
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TABLE 34.—DAILY MAXIMUM AND MINIMUM TEMPERATURES OF DIFFERENT TYPES OF SOIL, APRIL, 1912. 


Date— | Gravel. Sand. | Loam. } Clay. Peat. 
Maximum, | a ee 
apenas OE ane Wage (aoe Ck Ae ne ee TO | 12" | ler 
1 {Max...| 32.1 | 31.9 | 31.7 | 31.5 | 31.9 31.9 31.2 | 31.5 | 31.9 | 32. | 31.7 | 31.8 | 31.6 31.6 31.9 
\ Min....] 31.7 | 31.7 | 31.4 | 31.2 | 31.8 | 31.7 | 30.9 | 31.4 | 31.7 | 41.4 | 31.4 | 31.6 | 31.4 | 31.2 | 31.6 
of Max...| 31. | $1.2 | 31.2 | $1.3 | 31.3 | 31.3 | 81. | $1.2 | 81.2 | 31 31.4 | 313°) 31 Set [sire 
“| Min....| 30.9 | 30.8 | 30.8 | 30.9 | 30.9 | 30.9 | 30. | 30.3 | 30.8 | 30.8 | 30.7 | 30.5 | 30.5 | 30. | 30.6 
3 {Max...| 30.6 | 30.9 | 30.6 | 30.5 | 30.8 | 31. | 31. | 31. | 31.2] 31. | 31.1 | 31.1 | 30.8 | 30.8 | 31, 
\Min....] 29.2 | 29.5 | 29. | 29.4 | 29.3 | 30.1 | 29.8 | 30.8 | 81. | 30.8 | 30.9 | 31. | 30.8 | 29.4 | 30.4 
4 (Max...| 32. | 31.1 | 30.9 | 30.9] 31. | 31.3 | 30.9 | 30.8 31. | 30.8 | 30.8 | 30.9 | 30.5 | 30. | 30.5 
‘mn 30.8 | 30. | 30. | 29.9 | 30.1 | 30.9 | 29. | 29.2 | 29.9 | 30.1 | 30. | 30. | 29.4 | 29.1 | 29.4 
} | | | | 
5 {Max...| 39.6 | 34.1 | 31.3 | 36.6 | 31. 31.4 | 30.2 | $0.6 | 31. | 33.9] 31. | 31.1 | 30.7 | 30.4 | 31.1 
Min...) 32.5 | 31.1 | 31.1 | 30.9 | 30.9 | 31.4 | 30.2 | 30.3 | 30.9 | 30. | 30.8 | 30.7 | 30.4 | 29.9 | 31. 
hicatie 44.5 | 40. | 32.8 | 43.9 | 36.8 | 32.3 | 31.9 | 30.4 | 31 38.2 31 31 30.5 | 30.1 | 31.2 
Min....| 37.5 | 34.5 | 31.2 | 34.8 | 31.1 | 31.4 | 30.1 | 30.1 | 30.8 | 33.9 1 30.8 | 30.8 | 30.3 | 29.9 | 31 
q{ Meh: 41.7 | 41. | 37.1 | 37.9 | 37. | 34.8 | 32.7 | 30.3 | 31 37.5 | 31 31. | 30.6 | 30.2 | 31. 
Min....| 38.8 | 38.9 | 36.9 | 36.1 | 35.6 | 34.5 | 32.2 | 30.1 | 30.8 | 35.2 | 30.6 | 30.5 | 30.3 . | 30.9 
| | 
g { Max...| 37.3 | 35. | 33.7 | 36.1 | 34.1 | 33.1 | 30.6 | 31 35.8 | 31.1 | 31 30.8 30.5 | 31.2 
\Min....1 33.5 | 34.7 | 35. | 32.2 | 33.1 | 88.5 | 31. | 30.2 | 30.9 | 31.9 | 30.7 | 30.5 | 30.5 | 30.1 | 31.1 
| 
g{Max...| 44.8 40.8 | 36.5 | 45.7! 40. | 35.8 | 36. | 30.4 | 31.1 39.5 | 31.3 | 30.9 30.6 | 30.5 | 31.1 
Min....| 37. | 37.2 | 35.6 | 36. | 36. | 34.9 | 33. | 30.3 | 30.9 | 35. | 31. | 30.9 | 30.6 | 30.4 | 31. 
19 { Max | 47. | 42.8 | 38.1 | 48. | 42.8 | 38. | 37.8 | 30.6 | 31.1 | 41. | 33. | 31.1 | 30.8 | 30.4 | 31.2 
| Min....| 38.6 | 39.2 | 37.6 | 38. | 38.3 | 37. | 33.8 | 30.3 | 30.7 | 36.6 | 32. | 30.9 30.4 | 30.3 | 31. 
11 { Max | 50.5 45. | 39.5 | 50.5 | 44.1 | 39. | 39.8 30.8) 31. | 43.9 | 34.5 | 30.9 | 30.9 | 30.2 / 31.1 
Min 41 41. | 38.5 | 40.2 | 39.9 | 38. | 35.1 | 30.3 | 30.9 | 37.1 | 33.3 | 30.8 | 30.5 | 30.1 | 31. 
1p { Max 49. 45.4) 41.5 | 48.5 | 44.5 | 40.1 | 40. | 31.7) 31. -| 44.8 | 38.5 | 35.2 | 30.7 | 30.2 | 31. 
| Min 45. | 43.9 | 41 44. | 42.8 39.9 | 38.1 | 31.2 | 30.9 | 42. | 37. | 33. | 30.5 | 30.1 | 30.8 
' | 
13 { Max 47. | 44.8 | 41.6 | 46.6 | 43.9 41. | 39.4 | 33. | 31.2) 44.5 | 40. | 38.1 | 30.9 | 30.2 | 31. 
| Min 44. | 43.6 | 41.5 | 43.1 | 42.5 | 40.4 | 38. | 32.9 | 31 42.4 | 39.8 | 37.1 | 30.5 | 30.1 | 30.9 
ig { Max... 51.5 49. | 44. | 52, | 47.3 | 43. | 45.7 | 39.8 | 37.1 | 49.5 | 44. | 41.3 | 34:3 | 31. | 31.5 
\ Min 42. | 42. | 39.2 | 40.8 | 40.3 | 38.1 | 37.9 | 34 41.4 | 38.3 | 36.4 | 31-8)/-S0sLa bois 
48. | 46.8 44.3 | 48.1 | 46. | 43.8 | 45.2 42.2 39. | 47.7 | 44.2 | 42.2 | 34. | 30.9 | 31.6 
Min....| 45.5 | 44.8 | 42.5 | 44.5 | 43.2 | 42. | 42.9 | 41.1 | 38.2) 45. | 43. | 41. | 33. | 30. | 30.6 
| ] | 
17 { Max... 44.5 43.8 43.5 44. | 43.2 | 42.8 42.9 | 42.4 | 40.5 | 44.3 | 43.8 | 42.2 | 34.1 30.3 | 31.4 
| Min 42.5 | 43.1 | 42.8 | 41.5] 42. | 42. | 42.2 | 42. | 40.1 | 43.5 | 42.8 | 41.9 | 33.9 | 30.2 | 31.1 
| | i | 
1g { Max...) 41.5 41.8 42.2) 41. | 40.8) 41 | 40.7 | 41.5 | 40.6 | 41.3 | 42.4 41.5 | 33.6 | 30.6 | 31.6 
\Min....) 40.1 | 41.2 | 41.8 | 39.4 | 40. | 40.2 | 40.2 | 41.1 | 40.2 | 41 41.1 | 41.1 | 33.5 | 30.5 | 31.5 
19 (Max... 45. | 43.1 40.9 | 45.2 | 43. | 42.0 | 42.3 | 40. | 40. | 44.5 | 40. | 40.1 | 33.6 | 30.5 | 31.8 
\Min....) 37.4 | 39.1 | 40. | 36.5 | 38.5 | 39.9 | 38.1) 40. | 39.8 | 38.5 | 39.9 | 40.1 | 32.8 | 30.2 | 31.6 
| 
og { Max...| 39.8 | 40.7 42. | 40.3 | 39.9 | 41.5 eT Sem ie eames ea (40.4 | 36. = 30.6 | 32.4 
™ \Min..../ 38.1 | 36.7 | 38, | 38.7 | 388.9 | 39. | 38.41 38.2 | 38. | 38. | 37.4 | 37.5 | 32. | 29.6 | 31. 
| | | | 
oo { Max... 48.2 | 47.1 44.4 | 47.7 | 46.9 | 44.4 | 47.8 | 44.8 41.8 | 48.2 | 44.6 43.5 39.4 | 30.6 | 31.9 
““\Min....| 46. | 46. | 44.3 | 45.3 | 45.5 | 44. | 46.9 | 44.6 | 41.8 | 46.9 | 44.6 | 43.2 | 38.9 | 30.6 | 31.8 
93 { Max...| 47.2 | 44.8 43.1 | 49. | 44.9 | 43.8 | 44.4 | 43.9 | 42.7 | 45.1 | 43.5 | 43. | 36.6 | 30.7 | 32. 
“| Min....} 39.8 | 41.3 | 42.1 | 39.1 | 40.6 | 41.9 | 41.2 | 42.2 | 41.3 | 41.3 | 42.2 | 41.5 | 35.5 | 30.3 | 31.8 
o4{Max...| 51.7 | 47.9 | 43.6 | 52.1 | 47.5 | 43.5 | 48.1 | 43.8 | 41.9 | 49. | 44. | 42.5-| 39. | 30.5 | 32. 
“*\Min....| 44.5 | 44.9 | 43.1 1 44.8 | 44.3 | 42.8 | 45. | 43.5 | 41.6 | 44.9 | 43.4 | 42.2 | 38. | 30.3 | 32. 
| | 
o5 {Max...| 52. | 48.4 | 44.4 | 53. | 47.6 | 44.2 | 49. | 44.9 | 42.5 49.6 | 44.8 | 43.3 | 39.2 | 30.8 | 32.1 
“O'\Min....| 43.4 | 44.7 | 43.8 | 42.5 | 43.7 | 43.1 | 45.3 | 44. | 42.1 | 44.9 | 44.5 | 43.1 | 38.3 | 30.2 | 32. 
} | | | i 
og | Max 53.7 | 49.9 | 46.9 | 54.3 49.5 | 45.5 | 50.8 | 47.2 | 44.2 51.8 | 46.5 | 45.5 | 42. | 31. | 33.1 
“9 ) Min 48.7 | 47.6 | 45. | 48.9 | 46.5 | 44.8 | 48.6 | 46.1 | 43.3 | 48.7 | 46. | 44.4 | 41.3 | 30.5 | 32.2 
| | 
7 { Max 54.8 | 51. | 46.6 | 55.2 | 50.3 | 46.7 | 52.1 | 47.9 | 45. | 55.5 | 47.8 | 45.9 | 43.8 / 31. | 33.1 
“!) Min 48.2 | 48.2 | 46.4 | 48. | 48. | 46.5 | 49.2 | 47.6 | 44.2 | 49.4 | 47.2 | 45.3 | 42.8 | 30.9 | 32.9 
og {Max...| 44, 43.8 44.5 | 43.6 | 43.5 | 44.5 44.8 | 46. | 45. | 44, | 45.2 | 45.1 40.7 | 31.5 | 34.1 
( Min....} 42.8 | 43.2 | 43.9 | 42. | 43. | 43.2] 44. | 44.5 | 44.2 | 43.5 | 44. | 44. | 39.9 | 31.4 | 34. 
| | | | } | 
“pho 50.1 | 46.5 43. | 52.6 | 46.8 | 43. | 46, | 44. | 43.6 | 47.6 | 43.3 | 43.9 | 39.5 | 31.5 | 34.9 
Min....| 39. | 41. | 42.3 | 38.7] 41. | 42.3] 41.6] 43. | 43. | 41. | 42.81] 43. | 88. | 31.4] 84.1 
Monthly | 1 H | 
range... 4.93| 2.66 0.96 5.44 2.59) 0.93 2.47, 0.84 0.68 3.25, 1.23 0.85, 0.76 0.39) 0.18 
! i | | | | i | | 
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TABLE 35.—DAILY MAXIMUM AND MINIMUM TEMPERATURE OF DIFFERENT TYPES OF SOIL, MAY, 1912. 
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Date— Gravel. Sand. | Loam. Clay. 
Maximum, | = E Ss 
cnmmmeiereanls GAN Wl. 308 Basil CBgscad WL fics cae Wessun) ML cd aa Lath 
1 (Max... 48.9 | 45.9 44.8 47.4 | 45.9 | 44.7 | 45.2 | 44.6 | 43.5 46.2 | 44.9 44. | 42.1 
[Min....| 44.9 | 44.9 | 44.4 | 44.9 | 44.9 | 44.4 | 44.8 | 44.5 | 43.1 | 44.9 | 44.5 | 43.9 | 41.9 
| 
> {Max.../ 54. | 49.8 45. 55. | 45.3 | 45.2 | 49.3 | 45. | 43.9 | 51.5 | 45.9 44.4 | 44.2 
“\Min....) 44.3 | 44.7 | 44.2 | 44. | 44.9 | 44.2 | 45. | 44.4 | 43.5 | 45.1 | 44.4 | 44.1 | 42.1 
a {Max.../ 58, | 53. | 47.2 | 58.8 | 53. | 47.1 | 53. | 48. | 44.9 | 55.9 | 48.5 | 46. | 48.9 
\Min....| 49.2 | 49. | 46.4 | 48.9 | 48.4 | 46.3 | 49. | 46. | 44.4 | 49.9 | 47. | 45.4 | 46.6 
y/ Max... 59.9 55. 48.8 60.4 | 55.6 | 49. | 56. | 49.5 | 46.3 58. | 50. | 48.6 | 52.2 
\Min....} 51.4] 51. | 48. | 51.s.| 50.3 | 47.4 | 51.6 | 49. | 45.8 | 52.4 | 49.5 | 47.2 | 50.4 
| | 
g { Max...| 63. | 57.5 51.3 | 63.5 | 57.2 | 51.3 | 59. | 52.8 | 48.9 61. | 53. | 50.3 | 56.9 
\ Min....] 53.2 | 53. | 50.2 | 52.4 | 52.1 | 50. | 58. | 51.8 | 48. | 54.4) 52. | 49.7 | 54.8 
| | | | 
> {Max..:| 63.5 | 59.5 | 53. | 63.8 | 59. | 52.5 61. | 54.6 | 49.9 | 62.8 55. | 52. | 59.8 
“\Min....| 56.8 | 56.1 | 52.3 | 56.4 | 55.7 | 52. | 58. | 54.2 | 49.8 | 58.2 | 54.4 | 51.7 | 58. | 
| | 
.{ Max...) 59.8 | 57.4 | 53.4 | 60. | 56.7 | 52.8 | 58.4 | 55.4 | 51.2 | 59.5 | 55.5 | 53. | 59.8 
8 
\Min..../ 55. | 55. | 52.8 | 54. | 54. | 52.4 | 56.9 | 55. | 50.8 | 57.1 | 54.4 | 52.8 | 59. 
g{ Max...) 59.3 | 55.8 | 53. | 60.2 | 55.5 (52.5 | 56.2 54.8 51.7 58. | 55. | 53.1 | 58.5 
| Min....} 51.5 | 53. | 51.8 | 50. | 52.1.] 51.2 | 64. | 53.2 | 50.8 | 54.3 | 53.8 | 52. | 57.3 
| | { | 
10 { Max...| 63. | 58. | 52.4 | 64.5 | 58. | 52.2| 59. | 53.5 / 51. | 60.9 | 54. | 52. | 58.4 
(Min...) 51. | 52.8 | 52. | 50.5 | 52. | 51.5 | 54. | 53.3 | 50.5 | 53.9 | 53.5 | 52. | 56.8 
11 Max...| 57.4 | 57. | 53.5 | 56.5 | 56. | 53.5 | 58. | 55.2 | 51. | 58.2 | 55.8 | 53. | 59.9 
\Min....| 55.5 | 54.9 | 52.2 | 55. | 54.3) 52. | 66. | 54. | 50.4 | 56.1] 54. | 52. | 57.9 
| | | j 
13 { Max.../ 51.3 | 49.5 | 49. | 53. | 50. | 49. | 49.9 | 50.4 | 50.2 | 50.5 | 50. | 50.6 | 51. 
\Min....| 43. | 45.8 | 48.3 | 43.5 | 46.4 | 48.6 | 47.4 | 49.5 | 49.9) 46. | 49. | 50.5 | 50.3 
14.) Max...) 54. | 51.7 | 49.4 | 56. | 52.5 | 49.8 | 51.8 | 50. | 49.2 | 53.8 | 50.3 | 49.8 | 52.2 
\ Min...) 45.9 | 46.9 | 47.5 | 46. | 47.5 | 48.4 | 47.2 | 48.4 | 48. | 47.8 | 48.3 | 48.5 | 50.1 
| | 
15 Max... 48.6 | 48.4 49. | 48.4 | 48.5 50.1 48.9 | 50. | 49.1 | 49.9 | 50.4 | 50. | 51.5 
°|\Min....| 47. | 48. | 48.5 | 46.2 | 48. | 49. | 48. | 49. | 48.9] 49. | 49.5 | 49.5 | 50. 
16 ‘Max...| 49.4 48.3 | 48.1 49.5 | 48.2 | 48.8 48.8 | 48.7 | 48.5 | 49.8 | 49.2 | 49.0 | 49.7 
\Min....] 47. | 47.8 | 48. | 47. | 47.8 | 48.4 | 48. | 48.6 | 48.4 | 48.2 | 48.5 | 48.8 | 49.3 
| | 
17 { Max... 54. | 51. | 48. | 49.5 151. | 48. | 50.3 | 48.2 | 47.9 | 52.5 | 48.3 | 48.4 | 49.5 
{Min 46.8| 47. | 47.1 | 45.8 | 46.9 | 47. | 47.2 | 47.9 | 47.2 | 47.7 | 47.8 | 47.9 | 48.4 
| | | 
ig / Max... 50.4 48.6 | 48.5 | 52.8 49.1 | 48. | 50.2 | 48.9 47.4 | 49.8 | 48.7 | 48.2 | 49.4 
° | Min 45.8 | 47.2 | 47.2 | 46.5 | 48.5 | 47.6 | 48.2 | 47.8 | 46.8 | 48.5 | 48.5 | 48.1 | 49. 
op { Max (55.1 53. | 50, | 55.4 52.6 | 50. | 52.6) 50. | 49.3 | 54.4 | 51.3 50. | 52.6 
<0 '\ Min 49.5 | 49.9 | 49.5 | 49.2 | 49.5 | 49.7 | 50. | 49.9 | 48.8 | 50.9 | 50.5 | 49.4 | 51. 
o1 { Max...| 59.5 | 56.3 | 52. | 50.8 | 55.8 | 51.8 | 56.4 | 52. | 50. | 58. | 52.9 | 51.8 | 55.1 
<) | Min 52.4 | 51.7 | 49.5 | 51.9 | 51. | 49.5 | 51.9 | 50.1 | 48.2 | 52.6 | 50.5 | 49.5 | 52.4 
| | | | 
99 { Max...) 64.2 | 59.8 | 53.7 | 67.9 | 60.1 | 53.7 | 59.8 | 54. | 50.9 | 62.2 | 55. | 52.5 | 58.1 
“| Min 56. | 55.2 | 52.7 | 55.5 | 54.5 | 52.8 | 56. | 53.2 | 50.7 | 56.4 | 54. | 52.4 | 56.3 
og { Max...| 69.8 | 63.7 | 56. | 71.7 | 63.7 | 56.1 | 63.5 | 56.4 | 52.4 | 67. | 58. 54.8 61.8 
“? | Min 60.3 | 59.1 | 55.2 | 60.8 | 59. | 55.4 | 59.8 | 55.9 | 52. | 61.1 | 57.2 | 54.1 | 60.3 
| | | | 
og / Max... 67.5 | 63.7 | 58.7 | 68.6 | 63.5 | 57.9 64.2 | 59.4 54.5 | 66.9 60.8 57.2 | 64.9 
“*) Min 64.0 | 62.2 | 58.1 | 63.2 | 61.4 | 57.3 | 63.2 | 59. | 54. | 64.4 | 59.7 | 56.8 | 63.7 
| | 
or { Max...| 69.8 | 63.9 | 57.8 | 71.3 | 63.5 | 57.5 | 64. | 59.3 | 55.7 | 67.1 | 60.2 | 57.3 | 63.7 
“| Min 58.7 | 59.3 | 57. | 57. | 58.2 | 56.9 | 60.3 | 58.5 | 55. | 61.1 | 59.3 | 57.1 | 62.4 
| 
o7 { Max... 67.3 | 64.3 60.2 | 67.7 | 63.3 59.9 65.5 | 61.9 57.1 | 66.8 | 62.6 | 59.3 | 66.4 
“"\ Min 64.4 | 63. | 59.8 | 64. | 61.9 | 59.2 | 64.3 | 61.3 | 56.9 | 64.9 | 61.9 | 59.2 | 65.5 
og { Max... 64.5 | 63. | 59.9 | 64.2 | 62.3 59.8 | 64.9 | 61.8 | 57.9 | 65.2 62.3 | 59.8 66.8 
| Min 63.9 | 62.6 | 50.5 | 63.5 | 61.8 | 59.2 | 64. | 61.3 | 57.8 | 64.4 | 61.9 | 59.6 | 66. 
99 { Max...| 60.2 | 60.7 | 59.5 | 59.3 | 60. | 59.1 | 62.3 (61.5 58.2 | 62.1 61.4 | 59.8 65. 
“ Min..../ 58.8 | 58.9 | 58. | 58. | 58. | 58. | 60.1 | 60.1 | 57.9 | 59.8 | 59.8 | 59. | 63. 
| 
(Max.../ 66. | 61.3 56.7 68.8 | 62. | 56.8 | 61.3 | 58.3 | 57.1 | 63.4 | 58. | 57.9 | 61. 
30 { core we 
\ Min 54.5 | 55.9 56. | 53.5 | 55.1 | 56. | 57. | 57.3 | 56.3 | 56.3 | 57. | 56.7 | 60. 
31 a. .. 70.4 | 64.3 | 58. | 72, | 64.3 | 58.2 | 64.3 59. | 56.9 | 67. | 59.6 | 58.2 | 63.1 
Min...) 58.8 | 59.3 | 58. | 58. | 59.5 | 58.1 | 60.3 | 58.6 | 56.3 | 60.3 | 59.4 | 57.5 | 61.8 
Monthly 
6.59 3.18 0.59 1.81 


range.... 
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TABLE 36.—DAILY MAXIMUM AND MINIMUM TEMPERATURE OF DIFFERENT TYPES OF SOIL, JUNE, 1912. 


Date— 
Maximum, 
minimum. 
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> { Max. ..| 
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range.... 


60. 
59.é 


60. 
59. 


61. 
60. 


60. 
59. 
60. 
59. 


61. 
59. 


60. 
59. 
61, 

60. 
62. 
60. 


62, 
| 62. 


63. 
62. 


63, 
| 62. 


61. 
} 61. 


63. 
62. 
63. 
62. 


(y) 


o—_ 


worm aro =) 


woo © 


oo 


wo WN WH WN Wo 


66.1 
61.9 


65.1 
59.9 


60. 
59. 


59.9 
59. 


60.6 
60. 


59.9. 


58.7 


59.7 
60.3 


| 69.3 


59.9 


ZS 


~~ 
, ow 
Ko CO COU Wo ANN 


aN IN 
ow CN 


aN 
_—_— 


3.32) 0.95 3.09 


| 
Loam. | 


i-7) 
a 
o 
> 


> 
S 
ne 
S 
Bs 
oO 


f=?) 
oo 
© 
Zo 


= 
its 
co 
& 


o a 
eo ao 
Oo or 
on 


Lew DO NO OM mo OK 


o 

wo 

S 
Aa aD 


0.87, 0.47 


SB BA Bf Be 


Clay. 


Se 


a 
=e 
oO MPN BN CNR BO WN WO OM 


aon aon 


om on 


on 
a) 
om 


68.7 
67.5 


68.3 
67.3 


69.0 
66.0 


ano OD UN OD i=2] 
ont COOH Ct COD 


St 


wo Two BH DO OW Hw wm 


oo mm 
Ss a 


OD DH AD DAD 
mney WN R= 


el 


aan Seo wa So on 


BB es: 


Sf ee 
“Oo on bow 


22 28 gf ee ae. 


Peat. 


12%) tee 


61.5 58. 
60.6 58. 


62.3 59.8 
62. | 59.1 


ef 23 
D 
nN 
ne 


CW Oe WH ON 


om 
wow 


ww wo HBO MO jae 


ZB az 
ER BE ae 
“IN uo CoN 


SR aS 


ZB 


wo WN OF 


on 
=S 


on 


0.90) 0.56) 1.62 0.48 0.44 


EXPERIMENT STATION BULLETINS. 567 


8 
& 


NE 
i 
i 


Bh Seaae 


(il et ee el al el 


Elite! 
|| 
| 


: 
PI 


as 
- 


| 


i 
i 
a 
: 
rc 

rH 
ea 


a : 
| 
| 
| | 
| 
a 
| 
: 
[| 
HEHE 
NET 
| 
a 
E 


| 
| 
, 


yal 
tape | 
|_| 
|_| 
| 
suns 
| | 
i i 
Ls 
| 
- || 
Toa 
HE 
HE 
rt 


Le 
i 
Ase 
LN 

/| 

al 


| 
I 
: 


Sey, 
ele seats) 
ieaeielyiel atet 
ca? ACH Ms 

pel VAN 


RSIS EN 
Th i Ps pe | 
& 


eo 1S ea 
a es aes oe ee oe 
eeapiedesis 

re 


568 STATE BOARD OF AGRICULTURE. 


TABLE 37.—DAILY MAXIMUM AND MINIMUM TEMPERATURE OF DIFFERENT TYPES OF SOIL, JULY, 1912. 


Date— | Gravel. | Sand. Loam. Clay. | Peat. 
Maximum, | | = } a Pisa 
minimum, 6” 12” | 18” | 6" | 12” 18” 6” 12” | 18” 6” 12” 18” | 6” 12” 18” 

| | | | | | | | 
1 {Max...| 76.3 71.4 | 68.7 74.0 | 69.3 | 67.4 | 72.6 | 70.3 | 66.3 73.2 | 69.8 | 67.8 | 73.3 | 70.4 | 67.0 

| Min...) 68.0 | 68.1 | 66.5 | 67.0 | 66.3 | 65.5 | 69.1 | 68.2 | 65.3 | 69.2 | 67.7 | 66.1 | 71.8 | 69:1 | 66.0 
> {Max...| 76.5 | 71.8 | 68.8 | 74.3 | 69.7 67.5 | 73.3 | 70.2 | 66.5 | 73.8 | 70.0 | 67.6 | 74.0 | 70.3 | 67.2 
“\Min....| 70.7 | 68.7 | 66.4 | 69.0 | 67.1 | 65.3 70.1 | 68.0 | 64.7 | 69.7 | 67.5 | 65.3 | 71.2 | 6.90 | 66.0 
3 { Max...) 79.8 | 75.0 | 69.2 | 77.2 | 72.4 | 68.0 | 76.5 | 70.8 | 66.9 | 77.1 | 70.3 | 68.2 | 76.1 | 71.1 | 67.5 

(Min....| 72.0 | 71.3 | 68.8 | 71.0 | 70.0 | 67.8 | 73.0 | 70.5 | 66.5 | 72.4 | 70.0 | 67.6 | 74.3 | 70.2 | 66.8 

| | 
{ Max...) 80.4 | 75.0 | 69.4 | 77.6 | 72.4 | 68.0 | 76.6 | 71.0 | 66.6 | 77.6 | 70.3 | 67.9 | 76.1 | 70.8 | 67.2 

\Min...:| 71.9 | 70.6 | 68.0 | 70.8 | 69.0 | 67.0 ; 72.1 | 69.9 | 66.0 | 71.9 | 69.3 | 67.3 | 73.4 | 70.0 | 66.3 
;{Max...| 80.0 | 75.6 | 71.0) 77.8 73.2 | 69.4 | 77.4 | 72.4 | 67.8 | 77.9 | 71.3 | 68.7 | 77.0 | 71.5 | 67.5 
°\Min....| 74.8 | 72.7 | 69.6 | 73.0 | 71.1 | 68.2 | 74.7 | 71.3 | 67.0 | 74.1 | 71.0 | 68.4 | 75.6 | 71.2 | 67.0 
g{ Max...) 80.8 | 77.1 | 71.5 78.6 | 74.6 | 70.2 | 78.9 | 73.4 | 69.1 | 79.2 | 72.9 | 70.2 | 78.5 | 73.4 | 69.0 

Min. ...| 74.9 | 73.8 | 71.0 | 74.0 | 72.1 | 69.5 | 75.7 | 72.7 | 68.5 | 74.8 | 71.9 | 69.3 | 76.2 | 72.0 | 67.8 
] 
g{Max...| 80.8 | 75.7 | 70.6 | 80.3 | 74.3 | 69.6 | 77.4 | 72.3 | 69.0 | 78.4 | 71.9 | 70.0 | 77.3 | 73.2 | 69.8 
Min....| 72.3 | 71.9 | 70.0 | 71.3 | 70.8 | 69.1 |.73.7 | 72.0 | 68.7 | 73.0 | 71.3.| 69.6 | 75.5 | 72.9 | 69.6 
g {Max...| 83.1 | 77.2 | 71.4 | 81.5 | 75.5 | 70.4 | 78.5 | 73.0 | 69.0 | 79.7 | 72.3 | 70.3 | 78.1 | 73.5 | 69.9 
\Min....] 74.2 | 73.0 | 70.4 | 73.0 | 71.7 | 69.5 | 75.0 | 72.2 | 68.3 | 74.3 | 71.7 | 69.7 | 76.2 | 72.9 | 69.3 
| | 
jo (Max... 82.5 78.8 73.2 80.4 76.8 | 72.3 | 80.3 | 75.0 | 71.0 | 80.7 | 74.8 | 72.0 | 80.4 | 75.0 | 71.3 
\Min....| 76.4 | 75.1 | 72.2 | 75.3 | 73.8 | 71.3 | 77.0 | 74.0 | 69.5 | 76.3 | 73.4 | 71.0 | 78.1 | 74.0 | 70.0 
| 
1 Max... 83.7 | 78.8 73.7 81.2 | 76.5 | 72.5 | 80.4 | 75.4 | 71.1 | 81.0 | 75.0 | 72.7 | 80.0 | 75.7 | 71.6 
\Min....| 76.2 | 75.5 | 73.1 | 75.1 | 74.0 | 72.0 | 77.2 | 74.8 | 71.0'| 75.3 | 74.0 | 72.0 | 78.2 | 75.2 | 71.4 
| | 1 
12 { Max....| 81.5 | 77.7 | 74.0 | 79.3 | 75.4 | 72.8 | 79.4 | 75.8 | 71.3 | 79.6 | 75.0 | 72.3 | 79.3 | 75.9 | 72.0 
“\Min....] 75.6 | 75.0 | 73.0 | 74.4 | 73.3 | 71.9 | 76.6 | 75.0 | 71.2 | 75.7 | 74.0 | 72.1 | 78.0 | 75.6 | 71.8 
13 { Max...) 76.3 | 76.1 74.0 75.3 74.9 | 72.7 | 77.9 | 75.9 | 71.8 | 76.7 | 75.0 | 72.9 | 79.4 | 75.9 | 72.3 
°\Min....| 74.0 | 73.8 | 72.2 72.4 | 72.8 | 71.2 | 75.3 | 74.3 | 71.3 | 74.6 | 73.2 | 72.0 | 76.7 | 75.3 | 72.2 
| | | 
15 Max... 80.0 | 76.9 72.3 | 80.2 76.4 | 72.0 78.0 | 73.9 | 70.3 | 79.4 | 73.8 | 71.5 | 78.0 | 74.4 | 71.8 
9\Min....| 74.5 | 74.2 | 71.9 | 74.1 | 74.0 | 71.0 | 75.1 | 73.0 | 70.0 | 75.9 | 72.9 | 71.0 | 76.2 | 73.9 | 71.2 
1g { Max...| 78.4 | 73.9 | 72.0 | 79.0 | 73.3 | 71.3 | 75.0 | 73.6 | 70.8 | 76.1 | 73.2 | 71.9 | 75.7 | 74.2 | 71.7 

\ Min..--|°69.0 | 70.0 | 70.2 | 66.3 | 68.8 | 69.7 | 71.4 | 71.9 | 70.0 | 71.0 | 71.6 | 70.8 | 73.7 | 73.4 | 71.3 
17 Max...) 81.8 | 76.6 71.9 | 82.3 | 76.1 | 71.3 | 77.8 | 73.2 | 70.3 | 78.9 | 72.9 | 71.2 | 76.9 | 73.6 | 71.4 
‘\Min....| 73.0 | 72.5 | 71.0 | 71.5 | 71.6 | 70.2 | 73.8 | 71.9 | 69.4 | 73.1 | 71.3 | 70.0 | 74.2 | 72.7 | 70.4 

| 
1g {Max...| 74.0 | 74.5 | 73.0 72.0 73.1 | 72.2 | 75.7 | 74.0 | 70.7 | 74.3 | 73.5 | 71.7 | 77.3 | 74.0 | 71.2 
°\Min....] 71.3 | 71.3 | 71.3 | 70.1 | 70.2 | 70.3 | 72.6 | 72.9 | 70.2 | 71.5 | 72.0 | 71.2 | 74.3 | 73.8 | 71.0 
19 { Max...| 71.1 | 68.1 | 69.2 | 72.0 | 68.2 | 68.4 | 69.4! 71.1 | 70.0 | 70.2 | 70.1 | 70.2 | 71.4 | 72.9 | 71.2 
9 Min....| 63.6 | 64.8 | 66.8 | 61.6 | 63.8 | 66.1 | 66.0 | 68.6 | 68.2 | 65.1 | 67.8 | 68.1 | 69.1 | 71.3 | 70.3 
| | | | ] 
op | Max...| 65.6 | 66.4 | 67.2 64.9 | 66.0 | 67.0 67.6 | 68.8 67.4 | 66.9 | 68.0 | 67.7 | 70.3 | 70.5 | 69.8 
“0) Min....| 65.2 | 65.6 | 66.2 | 64.2 | 65.2 | 66.0 | 66.7 | 67.5 | 67.0 | 66.3 | 67.0 | 67.1 | 68.9 | 70.0 | 69.3 
oo {Max...| 71.0 | 67.3 | 65.1 | 73.8 | 68.1 | 65.0 | 67.9 | 65.8 | 65.3 | 69.6 | 65.4 | 65.5 | 66.9 | 67.7 | 67.7 
““\Min....| 63.3 | 64.0 | 64.2 | 62.5 | 63.6 | 64.0 | 64.6 | 65.0 | 64.6 | 64.3 | 64.6 | 64.8 | 65.4 | 66.4 | 66.5 
og {Max...| 69.3 | 67.6 | 68. | 70.1 | 68.0 | 68.2 | 68.0 | 66.2 | 65.0 | 69.2 | 66.5 65.8 | 68.0 | 66.8 | 66.2 
“?\ Min....| 65.5 | 66.0 | 65.8 | 65.6 | 66.3 | 66.0 | 66.5 | 66.0 | 64.7 j 67.0 | 66.2 | 65.5 | 67.3 | 66.6 | 66.1 
| | | | | 
og (Max... 73.0 | 69.8 | 66.2 73.4 | 69.9 | 66.2 70.1 | 66.9 | 65.4 | 71.5 | 67.0 | 66.1 | 68.7 | 66.9 | 66.1 
“*\ Min....| 67.5 | 67.0 | 66.0 | 67.3 | 66.9 | 66.0 | 67.7 | 66.2 | 64.7 | 67.9 | 66.6 | 65.5 | 67.9 | 66.2 | 65.3 
oe { Max... 76.1 | 72.2 68.0 | 78,0 | 73.0 68.1 | 72.9 | 68.7 66.0 | 75.0 | 69.0 | 67.2 | 71.6 | 68.0 | 66.3 
“1 Min....| 70.1 | 69.4 | 67.6 | 69.4 | 69.3 | 67.6 | 70.2 | 68.2 | 65.8 | 70.7 | 68.3 | 66.9 | 70.3 | 67.6 | 66.1 
| ' | } 
on {Max...| 73.0 | 70.1 | 69.0 73.6 | 70.1 | 69.0 | 70.8 | 69.9 66.9 | 72.2) 70.1 | 68.3 | 71.4 | 69.9 | 67.3 
“| Min....| 68.3 | 68.2 | 68.0 | 67.9 | 68.0 | 67.8 | 69.0 | 68.9 | 66.8 | 69.3 | 69.1 | 68.0 | 70.0 | 69.1 | 66.8 
o> (Max...) 74.8 | 70.1 | 67.2 | 75.6 | 70.0 | 67.0 | 71.0 | 68.2 | 66.1 | 72.7 | 68.5 | 67.7 | 69.3 | 68.2 | 66.8 
“\ Min...) 65.5 | 66.3 | 66.1 | 64.2 | 65.9 | 66.0 | 67.3 | 67.1 | 65.5 | 67.4 | 67.1 | 66.2 | 68.0 | 67.7 | 68.3 
og | Max... 71.0 | 69.0 | 67.6 71.9 | 68.9 | 67.6 | 69.9 69.2 67.2 | 70.6 69.0 67.9 | 70.4 | 69.4 | 68.0 
“9 \ Min....| 66.8 | 67.2 | 67.1 | 65.4 | 66.2 | 66.7 | 68.4 | 68.2 | 66.9 | 67.9 | 68.0 | 67.4 | 69.7 | 69.0 | 67.6 
| | | | | 
gp | Max... 69.8 | 68.1 | 67.0 70.1 | 68.2 | 67.0 69.0 | 68.3 | 66.9 | 69.9 | 68.1 | 67.5 | 69.6 | 69.1 | 68,0 

| Min...) 64.8 | 65.4 | 66.1 | 63.8 | 65.0 | 65.9 | 66.1 | 67.2 | 66.4 | 66.2 | 67.2 | 67.0 | 63.2 | 68.9 | 67.7 
3 (Max... 68.9 66.6 | 66.2 70.3 66.9 | 66.0 | 67.1 | 66.9 66.0 | 68.3 (66.9 66.5 | 68.0 | 68.2 | 67.5 

(Min...) 63.3 | 64.5 | 65.2 | 61.9 | 63.8 | 65.2 | 65.1 | 66.0 | 65.7 | 65.0 | 66.0 | 65.9 | 67.0 | 67.7 | 67.3 
Monthly | 

range..../ 6.17) 3.00) 1.04 6.78) 3.00, 1.03 2.94 1.07, 0.63, 4.07, 1.12 0.78) 1.77) 0.67| 0.59 

| | | } | | i 
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TABLE 38.—DAILY MAXIMUM AND MINIMUM TEMPERATURE OF DIFFERENT TYPES OF SOIL AUGUST, 1912. 
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TABLE 41.—DAILY MAXIMUM AND MINIMUM TEMPERATURE OF DIFFERENT TYPES OF SOIL, NO- 
VEMBER, 1912. 


Date— | Gravel. | Sand. Loam. Clay. | Peat. 

Maximum, |_ pe dk, Oy al ae 12 © 
minimum. 6" 12” ; 18” 6” | 12” | 18” 6" 12” | 18” 6” | 12” 18” 6” 12” 18” 
—— = — - =| ————SS |§ ———— | ———— 

; (Max...) 38.9 41.7 | 45.4 38.7 | 42.8 | 46.1 | 41.0 | 45.1 | 47.9 40.2 44.9 | 47.1 | 42.7 | 46.9 | 49.5 

| Min....] 37.8 | 40.6 | 44.3 | 37.2 | 40.2 | 44.9 | 39.4 | 44.0 | 47.1 | 39.2 | 43.8 | 46.0 | 41.3 | 46.1 49.2 
| | | } | | | 

9 (Max...| 37.3 | 39,2 | 43.4 36.3 | 39.1 43.7 | 38.2 | 42.8 46.1 37.8 | 42.5 | 45.1 | 39.9 | 44.8 | 48.8 
“| Min....) 36.4 | 38.7 | 42.8 | 36.0 | 38.9 | 43.1 | 37.7 | 42.1 | 45.4 34.6 41.9 | 44.3 | 39.0 | 44.0 | 48.2 
_ i | | | 
4 “Max... 39.8 39.9 | 42.4 , 38.9 40.0 42.9 | 38.2 | 41.3 | 44.2 40.2 41.0 | 43.2 37.4 42.0 | 46. 

| Min....| 37.0 | 38.5 | 41.8 | 36.8 | 38.8 | 42.5 | 37.0 | 40.5 | 43.6 36.8 | 40.8 | 42.9 | 37.1 | 41.4 | 45. 

| } j 
5 Max... 44.5 | 43.4 43.4 44.9 | 43.8 | 43.9 42.1 | 41.9 | 44.0 43.1 42.1 | 43.6 38.9 41.4 | 45. 
\ Min....| 40.5 | 41.3 | 43.2 | 40.4 | 41.9 43.8 | 39.9 | 41.8 | 43.5 | 39.9 | 41.9 | 43.2 38.5 | 40.8 | 44. 

| | | } | 

6 (Max...) 48.1 47.5 46.8 48.5 | 48.7 | 47.1 | 46.5 | 45.1 | 45.3 47.2 45.8 | 45.7 | 43.9 | 42.1 | 44, 

| Min....| 46.6 | 46.0 | 45.4 | 46.7 | 46.2 | 45.9 | 44.6 | 43.9 | 44.3 | 45.5 | 44.3 | 44.4 | 42.1 | 41.6 | 44. 

’ ! ! 

~ {Max...| 48.5 | 48.7 | 47.0 | 48.3 | 48.6 | 47.2 | 45,7 | 46.1 | 48.7 | 48.5 48.3 | 46.8 | 44.4 | 43.9 | 45.1 

“| Min....| 44.9 | 45.6 | 47.0 | 44.8 | 45.7 | 47.1 44.9 | 45.9 | 45.7 | 45.2 46.2 | 46.3 | 44.3 | 43.0 | 44.6 
g/ Max...) 44.1 | 44.2 | 46.0 | 43.8 | 44.1 | 46.1 | 43.3 | 45.2 | 46.5 | 43.7,| 45.3 | 46.4 | 43.0 | 44.0 | 45.2 
~ | Min....} 41.7 | 43.0 | 45.5 | 41.6 | 43.0 | 45.5 2.1 | 44.4 | 46.0 | 42.1 | 44.5 | 45.9 | 42.0 | 43.8 | 45.1 

| | | | | | 

9 (Max...| 42.8 | 43.2 | 45.3 | 42.9 | 43.8 | 45.9 | 42.3 | 44.7 | 46.3 | 42.8 | 44.6 | 46.0 | 42.3 | 44.1 | 46.0 

| Min....| 41.3 | 42.9 | 44.9 | 41.2 | 43.1 | 45.4 | 41.9 | 44.1 | 45.9 | 41.9 | 44.1 | 45.3 | 41.9 | 43.9 | 45.9 
| J | i | 
il 'Max... 48.0 46.3 | 45.3 | 48.8 46.4 45.8 } 45.2 44.3 45.9 46.4 | 44.3 | 45.8 | 42.8 43.4 | 46.0 
| Min....| 43.3 | 43.8 | 44.8 | 43.0 | 43.9 | 45.0 | 42.8 | 43.9 | 44.9 | 42.8 | 43.9 | 44.7 | 41 9 | 42.9 | 45.2 
| | } | 
12! Max...| 51.0 | 49.8 | 47.9 | 51.3 | 49.8 | 48.1 | 48.9 | 47.2 | 46.4 | 49.9 | 47.4 | 46.8 | 46.7 | 44.5 | 45.9 

“\ Min....| 48.6 | 48.1 | 46.9 | 48.9 | 48.1 | 46.8 | 47.3 | 46.2 | 45.9 | 47.0 | 46.4 | 46.1 | 45.4 | 43.9 | 45.5 

13 { Max... 51.3 | 50.8 | 49.8 | 51.3 (50.5 | 49.8 50.4 | 49.8 | 48.6 51.0 49.8 | 49.2 | 49.1 | 47.0 | 48.7 
| Min....} 49.2 | 50.0 | 49.0 | 48.7 | 49.9 | 49.0 | 49.9 | 48.5 | 47.1 49.9 | 48.8 | 47.9 | 48.2 | 45.3 | 46.2 

| 
14. Max... 42.9 | 45.2 | 48.2 | 42.0 | 45.0 | 41.8 45.0 47.9 | 48.4 | 44.3 47.8 | 48.5 | 45.3 | 46.9 | 46.5 
| Min....) 40.2 | 43.0 46.8 | 39.6 | 42.8 | 46.8 | 42.4 46.6 | 48.2 | 41.9 | 46.3 | 47.9 44.2 | 46.9 | 46.5 

' | | | | 

15 Max... 38.4 | 40.9 | 45.0 | 38.1 41.0 | 45.3 | 40.1 | 44.7 | 47.2 39.4 44.2 | 46.5 42.5 | 46.4 | 47.9 
9) Min....| 37.4 | 30.9 | 44.2 | 37.0 | 40.2 | 44.6 | 39.2 | 43.7 | 46.7 | 38.7 | 43.0 | 45.3 | 41.4 | 45.4 | 47.9 

| | | | | | 
ig (Max... 36.8 39.1 43.3. 36.3 39.3 | 43.8 | 38.0 | 42.5 45.3 | 37.6 | 42.1 | 44.4 | 40.0 | 44.6 | 47.9 

7 Min... .| 35.3 37.9 | 42.3 | 35.1-| 38.3 | 42.7 | 36.7 | 41.4 | 44.4 | 36.4 | 40.8 | 43.2 | 38.7 | 43.2 | 46.3 
ig (Max... 39.7 | 39.9 42.0 | 39.1 | 39.9 | 42.5 38.0 | 40.5 | 43.0 | 38.8 40.5 42.4 | 37.8 | 41.3 | 44.5 
“| Min. . 36.9 | 38.4 | 41.8 | 36.2 | 38.5 | 42.1 | 37.0 | 40.1 | 42.8 | 37.1 | 40.1 | 42.2 | 37.5 | 40.9 | 44.2 

| } 
19 Max. 41.2 | 41.0 42.0 41.2 | 41.0 | 42.4 39.0 | 40.6 42.8 | 39.9 40.6 | 42.3 37.9 | 40.5 | 44.0 
Min.. 37.5 | 38.9 | 41.8 | 37.2 | 38.9 42.1 | 37.4 | 40.2 | 42.7 | 37.8 | 40.3 | 42.0 | 37.4 40.2 | 43.9 

| | } } 

0 ‘Max. 41.4 | 39.7 | 42.3 41.5 39.8 | 42.5 | 38.7 | 40.9 | 42.8 | 39.3 | 41.2 | 42.4 38.3 40.5 43.5 
™ \ Min.. 37.8 | 39.0 | 41.9 | 37.3 | 39.0 | 42.3 7.9 40.8 | 41.7 | 37.9 | 40.9 | 42.3 | 38.1 40.3 | 43.4 
2] Max...| 42.3 | 41.7 | 42.6 | 42.5 | 41.9 42.9 41.0 | 41.5 | 42.6 41.0 42.0 | 42.6 39.9 40.2 | 42.9 
“| Min..-.| 40.5 | 41.1 | 42.0 | 40.5 41.4 | 42.4 39.9 | 40.5 | 41.9 | 40.0 | 40.9 | 41.6 38.4 | 39.3 | 42.3 
oy (Max... 39.9 | 40.4 | 42.5 | 39.8 | 40.9 42.8 39.4 41.8 43.0 | 39.5 41.8 | 42.8 39.4 40.6 | 42.9 
“\ Min.. 37.4 | 39.2 | 42.2 | 37.0 | 39.6 | 42.6 | 38.4 | 41.3 | 42.8 | 38.1 | 41.4 | 42.6 | 38.9 | 40.4 | 42.7 

) | } | . 

3 Max... 37.2 38.7 | 41.8 | 37.1 | 38.9 42.0 37.8 40.8 | 42.5 | 37.4 | 40.7 | 42.3 | 38.2 40.5 43.0 
“~ \ Min....| 36.6 | 38.4 | 41.4 | 36.4 | 38.8 | 41.9 | 37.3 | 40.4 | 42.5 37.3 | 40.3 | 42.1 | 38.0 40.5 | 42.9 
oe | Max...| 35.9 |°37.5 | 40.3:) 35.5 37.7 | 40.8 , 36.0 | 39.1 | 41.8 | 36.2 | 39.0 | 41.1 | 36.7 39.9 | 42.8 
“) | Min....| 35.8 | 37.2 | 39.9 | 35.3 | 37.4 | 40.7 | 35.9 | 38.9 | 41.5 | 35.9 | 38.9 | 40.9 | 36.6 | 39.6 | 42.7 

} | 
ng, | Max 34.8 | 36.4 | 39.2 | 34.3 | 36.6 | 39.9 | 35.0 | 38.1 | 40.7 | 35.0 | 38.0 | 39.9 35.7 | 38.7 | 42.0 
Min 34.6 | 36.2 | 39.0 | 34.1 | 36.4 | 39.5 | 34.9 | 37.9 | 40.5 | 35.0 | 37.8 | 39.9 | 35.6 | 38.5 | 41.9 
| | 

y> | Max 34.9 | 36.3 | 39.0 | 34.8 | 36.4 | 39.5 | 34.9 | 37.9 | 40.4 | 35.0 | 37.9 | 39.8 35.6 | 38.5 | 41.7 
“"'| Min 34.8 | 36.3 | 38.9 | 34.4 | 36.4 | 39.4 | 34.8 | 37.8 | 40.2 | 34.8 | 37.6 | 39.4 | 35.4 | 38.3 | 41.5 
og | Max. 35.5 36.8 39.5 | 35.0 38.0 | 40.0 35.4 38.2 | 41.8 35.6 | 38.1 | 39.9 | 35.9 38.6 42.0 
| Min 35.4 | 36.6 | 39.3 | 35.0 | 37.0 | 39.8 | 35.3 | 38.1 | 40.8 | 35.3 | 37.9 | 39.8 35.8 | 38.5 | 41.6 
gy (Max:.. 35.1 36.5 39.1 34.8 36.7 39.6 35.0 37.8 40.5 35.4 38.1 | 39.5 | 35.5 | 38.2 | 41.3 
: Min.. 34.6 | 36.2 | 38.4 | 34.2 | 36.2 | 39.2 | 34.6 | 37.3 | 39.8 | 34.7 | 37.4 | 39.0 | 34.8 | 37.6 | 40-8 
Monthly . , 

range.... 1.85 1.04 0.56) 1.97 1.13) 0.30) 1.03) 0.62) 0.59; 1.50) 0.63) 0.59) 0.73) 0.53) 0.37 

| | | 
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The above tables (30-41) with their respective charts, show the fol- 
lowing main facts: (1) the daily temperature of all the soils at all 
three depths fluctuated throughout the year, but in different degree 
during the different months. The greatest monthly amplitude occurred 
in June and was followed in order by May, July, August, April, Sep- 
tember, October, November, December, January, March and February; 
(2) sand showed the greatest amplitude for the 6 and 12 inch depths 
and was followed in order by gravel, clay, loam, and peat. The fluctua- 
tion at the 18 inch depth was about the same for all the different soils 
with a slight difference in favor of the sand and gravel. The amplitude 
of the 6 inch depth was the greatest in all soils and was followed in 
order by the 12 and 18 inch depths. The variation between the 6 and 
12 inch and the 6 and 18 inch depths were very much greater in the 
lighter soils than in the heavier soils. 

The smali soil temperature fluctuation in the winter is very interest- 
ing and needs special attention. Theoretically speaking we should ex- 
pect a greater fluctuation in the winter than in the summer, with the 
same variation in air temperature, because the specific heat of the soils 
in summer is close to 0.5, while in the winter it is half this value, 
because the specific heat of ice is about half of that of water. This 
smaller amplitude in the winter may be attributed to the following 
chief causes: (1) in the winter the soil is heated only by conduction 
while in the summer it is heated by conduction and also by absorption, 
hence, the temperature is raised to a higher degree in the latter case, 
and the gradient is higher; (2) the latent heat of ice plays an import- 
ant part in keeping the magnitude of fluctuations low; and (3) when 
the soil is covered with a thick layer of snow, its temperature is kept 
quite steady and varies but slightly. 


SEASONAL AND YEARLY AVERAGE AND RANGE OF TEMPERATURE. 


On the preceding pages the temperature of the different types of soil 
has been considered from the standpoint of daily and monthly averages 
and ranges. It will now be well to present the same data in these 
forms, by season and year, and thus see what the relations are in these 
longer periods of time. The data are shown herewith: 
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TABLE 42.,—SEASONAL AND YEARLY AVERAGE TEMPERATURE OF DIFFERENT TYPES OF SOIL. 
Gravel. Sand. | Loam. Clay. Peat. 
Season, § |---| -— -— —— 

6” 128 18” 6” 12” 18” 6” 127 18” 6” 12” | 18” 6” | 12” 18” 
= ab ual = =a Lee 
Winter: | 4 

Dech...-< 33.50, 34.83! 36.87] 33.29] 34.84) 37.16] 33.27| 35.41) 37.40] 33.55) 35.52) 36.98) 32.32) 34.35) 37.13 
(OE ese 26.24) 28.14) 30.93) 24.62] 28.27) 31.44] 26.60] 29.68) 32.10) 26.40) 29.27) 31.34) 25.58! 29.68] 32.94 
Web ie tes 29.13; 29.90] 30.84| 28.20} 29.84] 30.88] 28.17] 29.43) 30.75| 28.41] 29.52) 30.39 sil 29.31) 31.27 
| 
ree’ os ix ered Pee eS ee 
AYO... 0-3 29.62, 30.96, 32.88; 28.70| 30.98| 33.16) 29.35) 31.51 33.42) 29.45) 31.44) 32.90 29.02 31.11) 33.78 
= a | = | | _— 
{ 
Spring | 
Mare 29.91) 30.43] 31.04] 30.13) 30.72) 31.42) 29.46) 30.13) 30.72] 29.87] 30.35] 30.83) 28.36) 30.02) 31.13 
April 41.81) 40.70) 39.27| 41.46) 40.04; 38.92] 39.16) 37.47) 36.58} 40.20) 38.44! 37.48) 34.04) 35.48) 31.59 
May..... | 56.07| 54.41) 52.03] 56.11) 54.08} 52.0 | 55.07| 53.02) 50.62} 56.00) 53.43) 51.96 55.61) 52.00) 50.44 
{ | 
a — ————— ran Gk Ga 
AVéls....3.. 42.60, 41.85) 40.78) 42.57) 41.61) 40.78) 41.23 40.21) 39.31] 42.02) 40.74 40.09, 39.34, Sack 37.72 
Summer: | | 
Bnee eet 67.25) 65.33) 62.61] 66.52) 64.39] 62.08) 66.28) 63.88! 61.00] 66.51! 63.89) 62.24) 67.15 64.24) 61.64 
Aj aA ots 72.56) 71.11) 69.16) 71.74! 70.20) 68.49) 72.40) 70.55) 67.86] 72.20! 70.15) 68.74, 73.30! 68.56) 68.70 
I Nib Ae 68.00, 67.18] 66.33) 67.85) 66.85! 66.07) 67.82) 67.00) 65.52) 68.01} 66.92| 66.23] 68.60) 67.22) 66.26 
| | ee Pear = 
ANOS 69.27| 67.87) 66.03) 68.70 67.15) 65.55) 68.83) 67.14| 64.79] 68.91| 66.99) 65.74 69.68 66.67 65.53 
Autum 
Senieee.: 65.40} 65.20} 65.33] 65.08) 64.88] 65.08) 65.76] 65.82) 65.08) 65.56) 65.56| 65.45) 66.37) 66.44) 66.08 
Ochenee. 50.38) 51.03) 52.25) 50.16) 51.05) 52.37] 50.68) 51.48) 52.69] 50.48) 51.73) 52.61) 50.28) 51.77) 53.80 
Nowe ee 40.44! 41.13) 43.32] 39.80) 41.32] 43.67] 40.00) 42.28] 44.12] 40.80} 42.29) 43.70) 40.00) 42.11) 44.68 
AVGs 2k 52.07! 52.46) 53.63) 51.68) 52.42) 53.71} 52.15) 53.19) 53.96] 52.28) 53.19) 53.25) 52.55) 53.44) 54.85 
Yearly ae 48.39) 48.29) 48.33) 47.91) 48.04) 48.30) 47.89 48.01 a7;80 48.18) 48.09) 48.00 Ue 47.60 47.S7 
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TABLE 43.—SEASONAL AND YEARLY RANGE TEMPERATURE OF DIFFERENT TYPES OF SOIL. 
Gravel. Sand. Loam. Clay. 
Season. era eee ————————————— | | 
| 36” 12".| 18% 6” 12% 18” 6” 12” 18” 6” 12” 18” 6" 
| | 
} 
= = | | | | | — |_ — ——_ 
| 
Winter: | 
Dec: 422% 1.31 | 0.92 | 0.64 | 1.09 | 0.75 | 0.60 | 0.66 0.62 | 0.60 | 0.69 | 0.72 | 0.64 | 0.60 
Jan, (os. | 0.94 | 0.89 | 0.92 | 1.10 | 0.95 | 0.72 | 0.70 | 0.50 | 0.75 | 0.70 | 0.52 | 0.58 | 0.76 
Feb..... | 0.42 | 0.37 | 0.41 | 0.63 | 0.48 | 0.46 | 0.46 | 0.37 | 0.42 | 0.47 | 0.44 | 0.32 | 0.43 
BVG.8G 0.89 0.73 | 0.66 | 0.94 0.73 | 0.59 0.61 | 0.50 0.62 0.62 0.56 | 0.51 | 0.60 
| 1] { | 
== i | a a koe Oe co 
Spring: | : 
Mareh....| 0.58 | 0.53 | 0.44 | 0.57 | 0.57 | 0.51 | 0.59 | 0.57 | 0.58 | 0.43 | 0.43 | 0.84 | 0.47 
April. 3} 4.93 | 2.66 | 0.96 | 5.44 | 2.59 | 0.93 | 2.47 | 0.84 | 0.68 | 3.25 | 1.23 | 0.86 | 0.76 
May..... | 6.59 | 3.18 | 0.83 | 7.76 | 3.28 | 0.47 | 2.92 | 0.78 | 0.52 | 4.14 | 0.97 | 0.59 | 1.81 
| eS (eee Be ee ee ee a ee 
Ss | | | | 
BVO. 538 4.03 | 2.12 | 0.74 | 4.59 | 2.15 | 0.64 | 1.99 | 0.73 | 0.59 | 2.61 | 0.88 | 0.76 1.01 
— — | | —_ | —— | |F ——— | ————— | ———— 
Summer: 
June..... 7.56 | 3.32 | 0.92 | 8.48 | 3.32 | 0.95 | 3.09 | 0.87 | 0.47 | 4.56 | 0.90 | 0.56 | 1.62 
A eee 6.17 | 3.00 | 1.04 | 6.78 | 3.00 | 1.03 | 2.94 | 1.07 | 0.63 | 4.07 | 1.12 | 0.78 | 1.77 
Aug os. 5:22 | 2.63 | 1.08 | 6.59 | 2.95 1.26 | 2.56 | 3.31 | 0.60 | 3.47 | 1.12 | 0.70 | 1.34 
ASE an RP OR ee rc em Seamed ea een oe ere Sp lee 
AVO...5 2 6.32 2.98 | 1.01 | 7.27 3.09 1.08 | 2.86 |} 1.75 | 0.57 | 4.03 | 1.05 | 0.68 | 1.58 
| | | 
—— SS —<_ ST oo 
Autumn: } | 
Sept..... | 4.36 | 1.71 | 10.0 | 5.56 | 2.48 | 0.97 | 2.11 | 0.96 | 0.56 | 3.23 | 1.08 | 0.71 | 1.47 
GE. eet | 4.25 | 2.41 | 0.96 | 4.84 | 2.45 | 0.78 | 2.20 | 1.31 | 0.52 | 2.84 | 0.91 | 0.70 | ‘1.20 
Nov: 55.5 | 1.85 | 1.04 | 0.56 | 1.97 | 1.13 | 0.30 | 1.03 | 0.62 | 0.59 | 1.50 | 0.63 ; 0.59 | 0.73 
| | | 
AVE. ce c% 3.49 | 1.72 | 0.84 | 4.12 | 2.02 0.68 | 1.78 0.96 | 0.56 2.52 | 0.87 | 0.67 | 1.13 
a1 gm | a (Oe Oe S| el fe gees | (eee ee 
Yearly } 
Range....| 3.68 | 1.89 | 0.81 | 4.23 | 2.00 | 0.75 | 1.81 | 0.99 | 0.59 | 2.45 | 0.84 | 0.66 | 1.08 
| | | 


i 


i 


The chief points brought out in the above tables (42-48) may be sum- 
marized thus: 
in the summer followed in order by autumn, spring, and winter; (2) 
the greatest seasonal amplitude took place also in summer with autumn, 
spring, and winter coming next in order; (3) the average soil tempera- 
ture of the autumnal equinox was higher than that of the spring; (4) 
the yearly average temperature was practically the same for all soils 
at all three depths; and (5) the yearly range was noticeably different: 
the sand shows the greatest amplitude and is followed in order by 
gravel, clay, loam, and peat respectively; the difference between the 
sand and peat is 3.15 for the 6 inch depth. 


(1) the highest seasonal average temperature occurred 
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COMPARISON BETWEEN MONTHLY AVERAGE AND RANGE OF TEMPERATURE OF 
THD AIR AND THE SOILS. 


It wil! be interesting now to compare the temperature of the air and 
of the different soils as to their average and range. The following 
tables contain these data: 


TABLE 44.—COMPARISON BETWEEN THE MONTHLY AVERAGE TEMPERATURES OF THE AIR AND OF 
THE DIFFERENT TYPES OF SOIL. 


December, 1911. January, 1912. February. March. 


Soils. ee wee | Ta hae | ae | 
6” 12” 18” 6” 12° 18” 6” 12” 18” 6” 12” 18” 
= ee ee pee : 
Gravelyoc. wets. tes 33.50 | 34.83 | 36.87 | 26.24 | 28.14 | 30.93 | 29.13 | 29.90 | 30.84 | 29.91 | 30.43 | 31.04 
DATING ey Nats tehcra: «ciate 33.29 | 34.84 | 37.16 24.62 | 28.27 | 31.44 | 28.20 | 29.84 | 30.88 | 30.13 | 30.72 31.42 
BGR eee ne ketterictene 33.27 | 35.41 | 37.40 | 26.60 | 29.68 | 32.10 | 28.17 | 29.43 | 30.75 | 29.46 ; 30.13 | 30.72 
(GE Saabeckeodee ree 33.55 | 35.52 | 36.98 | 26.40 | 29.27 | 31.34 | 28.41 | 29.52 | 30.39 | 29.87 ; 30.35 | 30.83 
REM iant crite tate sisi 32.32 | 34.35 | 37.13 | 25.58 | 29.68 | 32.94 | 28.15 | 29.31 | 31.27 | 28.36 |; 30.02 | 31.13 
| | 
AIR yaks eraysisna stele a6 33.36 11.34 17.03 28.38 
April. May. June. July. 
Soils. | a 
| 6” 2 18” 6” 12? 18” 6" 12” 18” 6” 128 18” 
| | Ries ; 
Gravelly paves ss 41.81 | 40.70 | 39.27 | 56.07 | 54.41 | 52.03 | 67.25 | 65.33 | 62.61 | 72.56 | 71.11 | 69.16 
SiG ee aera Marens 41.46 | 40.04 | 38.92 | 56.11 | 54.08 | 52.00 | 66.52 | 64.39 | 62.08 | 71.74 | 70.20 68.49 
ORM e eae Yat covs, a: 39.16 | 37.47 | 36.58 | 55.07 | 53.02 | 50.62 | 66.28 | 63.88 | 61.00:| 72.40 ; 70.55 67.86 
(HEN Ses rue stcaeeee 40.20 | 38.44 | 37.48 | 56.00 | 53.43 | 51.96 | 66.51 | 63.89 | 62.24 | 72.20 | 70.15 | 68.74 
eaten Sacersee aes Sie:s 34.04 | 35.48 | 31.59 | 55.61 | 52.00 | 50.44 | 67.15 | 64.24 | 61.64 | 73.30 | 68.56 | 68.70 
Ne OS ROR Son area 50.22 62.00 70.78 owud 
August. September. October. November. 
Soil. a | _—_—_—_—__— 
6” 12” 18” 6” 12? 18” 6” 12” | 18” 6” | 12” 18” 
lene edesecd 
Gravelipesc tastes ris 68.00 | 67.18 | 66.33 | 65.40 | 65.20 | 65.33 | 50.38 | 51.05 | 52.25 | 40.44 | 41.13 | 43.32 
Hands 2a eee eae 67.85 | 66.85 | 66.07 | 65.08 | 64.88 | 65.08 | 50.16 | 51.05 | 52.37 | 39.80 | 41.32 | 43.67 
TLORING.« at tyron he AS 67.82 | 67.00 | 65.52 | 65.76 | 65.82 | 65.08 | 50.68 | 51.48 | 52.69 | 40.00 | 42.28 | 44.12 
Clivit settee eens 68.01 | 66.92 | 66.23 | 65.56 | 65.56 | 65.45 | 50.48 | 51.73 | 52.61 | 40.80 | 42.29 43.70 
Reatseetckateeeoee 68.60 | 67.22 | 66.26 | 66.37 | 66.44 | 66.08 | 50.28 | 51.77 | 53.80 | 40.00 | 42.11 | 44.68 
| 
ATI AS Snes sete ete ne 72.34 68.90 54.55 41.71 
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TABLE 45. — COMPARISON BETWEEN THE MONTHLY RANGE OF TEMPERATURE OF THE AIR AND OF THE 
DIFFERENT TYPES OF SOIL. 


December, 1911. January, 1912. * February. March. 


Soils. ———_—___——— 
Perit 12% 18” 6” 12” 18” 6” 12° 18” 6” 12” 18” 
] 
. 4 | | 
Gravel nee Sirens 1.31 0.92 | 0.64 0.94 | 0.89 0.92 0.42 | 0.37 0.41 0.58 | 0.53 0.44 
TIA carbone Sete ta Gd 1.09 | 0.75 0.60 1.10 0.95 0.72 0.63 | 0.48] 0.46] 0.57 0.57 0.51 
DONE tae eee 0.66 | 0.62 |} 0.60 | 0.70 0.59 0.75 | 0.46} 0.37 0.42 | 0.59 | 0.57 0.58 
Clavaiss sepcukew ees 0.69 0.72 0.64 0.70 | 0.52 0.58 0.47 | 0.44 0.32 0.43 | 0.43 0.84 
Peale oo cn vabaotete 0.60 0.61 0.60 | 0.76 0.45 0.41 0.43 | 0.39 0.36 0.47 0.46 0.43 
Bitaerte tee ercscatedicen: 16.77 16.68 21.58 30.49 
| | 
April. May. June. July. 
Soils. : 
6" j.| 12" | 18” 6% | 22% | a8") er tas a8 Ye erin] i ee 
| ' | 
Gravelisifos. ccs eek: 4.93} 2.66] 0.96 | 6.59 | 3.18] 0.83 | 7.56| 3.82 | 0.92 | 6.17] 3.00 1.04 
SENT Roe te ee 5.44 | 2.59 0.93 7.76 3.28 0.47 8.43 3.32 | 0.95 6.78 3.00 1.03 
PRI argcre er dees oe Sere 2.47 | 0.84 0.68 2.92 0.78 | 0.52 3.09 | 0.87 0.47 2.94 1.07 0.63 
OS naar seen ae 3.25 1.23 | 0.85 4.14 0.97 0.59 4.56 | 0.90 0.56 4.07 1.12 0.78 
PERG Heroes he sta 0.76 | 0.39 0.18 1.81 0.98 0.62 1.62 | 0.48 | 0.44 | 1.77 | 0.67 0.59 
| 
YE ee eee arate hrc 31.12 32.48 41.06 36.98 
August. September. October. November. 
Soils. —— eS SSF 
6” | 12” 18” 6” 12” 18” 6” 12" 18” 6” 12" | 18” 
eet —|—|— | | 
(Gravele. Acces | 5-29 2.63 1.08 | 4.36 | 1 eek 1.00 4.25 2.41 0.96 1.85 1.04 0.56 
oT Eee ie ae 6.59 2.95 1.26 5.56 2.48 | 0.97 4.84} 2.45) 0.78 | 1.97 1 Re 0.30 
Lee ee See 2.56 3.31 0.60 2.11 0.96 0.56 2.20 1.31 | 0.52 1.03 | 0.62 0.59 
Olay -eceeeeeee 3.42 1.12 0.70 | 3.24 1.08 0.71 2.84 0.91 0.70 1.50 0.63 0.59 
Reaue. so eee 1.34 0.75 0.51 | 1.47 | 0.64 0.49 1.20 0.60 | 0.56 0.73 | 0.53 0.3 
| | 
Ric esse Be 34.18 35.45 31.57 19.91 \ 


From table 45 it is seen that during the winter months and up to 
March the air temperature was below that of the soil temperature of 
all three depths, during the remainder of the year the reverse was 
true. The greatest difference between the air and soil temperature oc- 
curred in January and the least in December and March. For the re- 
maining months the difference lies between these extremes. 

Table 46 shows that the greatest amplitude of the air temperature 
occurred in June and was followed in order by July, September, August, 
May, October, April, March, February, Decembar and January, while 
in the case of the soil the highest amplitude took place also in June 
with May, July, August, April, September, October, November, Decem- 
ber, January, March, and February came in order. It is noticed that 
the order in both cases was not exactly the same yet almost alike. The 
range of the air temperature was far greater than that of the soils 
and is, of course, above it throughout all the months. 
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EFFECT OF ORGANIC MATTER ON THE TEMPERATURE OF 
SOILS. 


OBJECT AND METHOD OF EXPERIMENTATION. 


Organic matter possesses two physical properties which have a re- 
markable influence upon the soil temperature. These are color and 
water holding capacity. The soils with the largest amount of organic 
matter will have the darkest color. Dark or black colored soils, possess- 
ing the highest absorbing capacity for heat, would tend to be much 
warmer than the light colored or white soils, which have less heat ab- 
sorbing power. On the other hand, the soils with the greatest organic 
content carry also the largest amount of water, and water possessing 
such great specific heat and other properties, would tend to keep the 
temperature of these soils low. It was in order to ascertain to what 
extent these two physical properties of the organic matter would op- 
pose each other, that the following experiment was undertaken. It 
consisted of studying the daily temperature of a sandy soil which con- 
tained organic matter in the proportions of 1.81, 2.01, 3.32, 5.47, 6.95% 
and 100% peat. It was prepared by excavating a trench over 3 feet 
deep and 38 feet wide, placed in it wooden boxes 3x3x3 feet without 
bottom or top and filled them with a sandy soil. The soil of the upper 
21 inches was then taken from each box, added to it the proper amount 
of organic matter (peat), thoroughly mixed, and then placed back into 
the box. The percentages of organic matter shown above represent the 
percentage amounts found by the ignition method, after the respective 
proportions of peat were added. To the soil showing 1.81% organic 
matter no peat was added. This is, therefore, the original organic con- 
tent of the soil as determined by the above method. These various 
amounts of organic matter imparted to the soil different shades of 
color, ranging from very light to very dark. The soil with the 1.81% 
organic matter was covered with a very thin layer of very white quartz 
sand, thus giving to it a very white color. 

The experiment was prepared and was ready for the intended study 
by October, 1911, but because of an accident to the thermometers, the 
temperature records were not commenced till the middle of February, 
1912. 

The temperatures were taken by the electrical resistance thermom- 
eters already described, at two different depths, 5 and 18 inches, daily 
throughout the year, except on Sundays, three times a day at, 7 A. M., 
{2M and 6:2 Me 

The tables to follow show the daily, monthly, seasonal, and yearly 
maximum, minimum and average temperatures, for all the soils at both 
depths. All the tables with few exceptions are accompanied by dia- 
grams to show their salient facts graphically. On the daily tempera- 
ture charts are also plotted the meteorologica! data in order to show 
more readily any influence that they might have on the soil temperature. 
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DAILY AND MONTHLY AVERAGE TEMPERATURD. 
TABLE 46.—EFFECT OF ORGANIC MATTER ON RT OF SOILS. DAILY AVERAGE, MARCH, 


Peat. Org. Matter. 

Date. i — 

| 5’ | ie” | 5” | 18” 
ee fe pel ae 32.1 | 32.15 
Devon Sosa at 31.66 | 32.3 | 31.9 | 32.1 
WEB dis..303..8: 31.16 | 32.3 | 32.1 | 32.1 
EE cece ted ee 30.4 | 32. | 31.95 | 31.95 
Bee ee 29.43 | 32.03 | 30.4 | 31.66 
Re ree mentiae | 29.13 | 32.06 | 30.3 | 31.9 
iene. 29.3 | 32.13 | 30.36 | 31.73 
Seah ocakiees Be as 29.66 | 31.93 | 30.9 | 31.96 
Tisboph ANA ASL As | 29.96 | 32.06 | 30.6 | 32.03 
1 es ek | 30.0 | 31.9 | 31.03 | 31.83 
SS os aieRae | 30.33 | 31.8 | 30.76 | 31.66 
| ade rele 29.46 | 31.2 | 29.83 | 31.0 
a | 29.5 | 31.4 | 90.4 | 31.5 
ee ee oe | 30.13 | 31.1 | 30.3 | 31.43 
apiece mrlzectce 29.9 | 31.23 | 30.93 | 31.46 
| abi bs eae ee 30.8 | 31.33 | 31.13 | 31.43 
Ds leg ka ei 26.3. | 27.26 | 26.53 | 27.06 
(Ba ed Se lh 28.1 | 29.96 | 29.9 | 30.43 
bce amt aes 0 29.73 | 29.96 | 29.86 | 30.26 
PAS Eee 28.66 | 31.0 | 30.73 | 30.6 
RG + Wt) Sh ie 30.3. | 31.06 | 30.76 | 31.4 
a GO fe, ea 30.93 | 31.36 | 31.03 | 31.5 
0 ey eRe Pe AAS 30.66 | 31.7 | 31.6 | 31.73 
BS 5 2 A eras 8 30.93 | 31.4 | 31.63 | 31.5 
ea ee eS 31.56 | 32.06 | 31.6 | 31.73 
Bids eesaincs, 31.5 | 31.96 | 30.6 | 31.23 
Monthly average... 30.06 | 31.42 | 30.72 | 31.36 


6.95%, 


5.47% 
Org. Matter. | 


5” 


32.2 
31.93 
23.13 
30.7 
29.66 
29.7 
30.06 
30.46 
30.26 
30.3 
30.46 
29.7 
30.1 


30.4 


31.1 

31.15 
26.96 
29.96 
30.13 
31.06 


31.4 


31.8 
31.0 
31.9 
31.86 
30.56 


30.65 


18” 


| 32.35 
32.1 
32.1 
31.85 
31.76 
32.66 | 
| 82.0 
31.76 
31.7 
31.56 
31.73 
30.96 
31.4 
31.23 
31.33 
| 31.3 
27.56 
30.63 
30.36 
| 31.33 
31.63 
31.6 
32.06 
31.83 
| 31.6 
31.6 


31.46 


3.32% 
Org. Matter. 


5” 


| 82.15 


32.03 
32.1 


| 31.05 


29.73 
29.8 
30.23 
30.26 
30.23 
30.2 
30.66 
29.8 
30.1 
30.43 
31.1 
31:16 
27.16 
30.4 
30.13 
31.16 
32.15 
31.3 
31.73 
31.32 
31.33 
34.23 


30.84 


2.01% 
Org. Matter, 


31.68 


29.98 


29.33 
30.06 
29.96 
30.3 


“| 29.6 


30.2 
30.3 
31.3 
31.16 


| 27.1 


30.36 
30.56 
31.4 

31.16 
31.93 
31.83 
31.5 

31.93 
31.56 


31.5 
| 31.53 
32.0 
31.43 
30.90 
31.73 
| 30.8 
| 31.7 
31.3 
31.83 
31.76 
27.90 
30.63 
30.16 
31.76 
31.5 
31.53 
31.93 
31.86 
31.7 
31.46 


1.81% 
Org. Matter. 
5° 18” 

31.80 | 32.05 
31.5 31.9 
30.16 | 31.7 
29.5 31.55 
29.16 | 31.0 
28.26 | 30.73 
29.0 30.9 
29.1 30.76 
29.16 | 31.3 
29.03 | 30.73 
29.46 | 30.93 
28.63 | 30.3 
30.1 31.8 
29.96 | 31.03 
30.53 | 31.06 
30.6 31.13 
26.63 | 27.2 
29.6 30.26 
29.86} 30.73 
30.73 | 31.43 
30.9 31.26 
30.95 31.06 
31.1 31.66 
31.03 31.66 
31.13 | 31.4 
31.33 | 31.3 


30.55 | 31.44 | 29.97 | 31.03 
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TABLE 47.—EFFECT OF ORGANIC MATTER ON bog ct de OF SOILS. DAILY AVERAGE APRIL, 


Date. 


31.68 


6.95% 
Org. Matter. 


5” 


32.2 
31.53 
31.33 
31.0 
33.93 
38.7 
33.86 
34.5 
39.7 


41.03 | 


42.43 
43.03 
42.0 


49.96 | 


47.96 
44.3 
40.6 
41.63 
41.03 
47.9 
45.1 
51.0 
48 .66 
52.5 
52.4 
43.4 
48.2 


41.84 


5.47% 
Org. Matter. 


3.32% 
Org. Matter. 


2.01% 


Org. Matter. on ae 

5” | ie” |: 5" | 18 

32.13 | 32.23 | 31.66 | 31.7 
31.33 | 31.56 | 30.8 | 31.03 
31.23 | 31.36 | 31.6 | 30.86 
34.7 | 31.43 | 30.73 | 30.33 
40.8 | 31.63 | 40.13 | 31.16 
44.63 | 31.73 | 42.26 | 31.26 
35.16 | 31.6 | 34.13 | 31.06 
37.4 | 31.66 | 35.36 | 31.16 
43.3 | 31.76 | 42.1 | 31.7 
43.23 | 32.36 | 40.7 | 33.1 
47.16 | 34.56 | 45.03 | 35.96 
47.0 | 38.1 | 45.23 | 38.3 
46.2 | 39.06 | 44.26 | 38.96 
a1) 41.6 | 49.13) 41.16 
$8.86 | 43.16 | 46.50 | 42.7 
43.7 | 42.56 | 41.8 | 41.66 
40.06 | 40.23 | 38.6 | 39.5 
42.3 | 39.26 | 39.96 | 38.33 
45.43 | 38.9 | 45.0 | 38.76 
46.9 | 45.03 | 45.5 | 44.86 
45.53 | 42.16 | 43.56 | 41.36 
52.2 | 44.3 | 49.86! 44.0 
50.3 | 44.7 | 47.76 | 43.4 
54.8. | 46.8 | 53.33 | 46.23 
53.00 | 48.03 | 50.53 | 47.33 
43.06 | 43.86 | 41.66 | 42.7 
50.6 | 43.2 | 47.7 | 42.2 
43.64 38.27 | 42.04 | 37.82 
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TABLE 48.—EFFECT OF ORGANIC MATTER ON ie ee OF SOILS. DAILY AVERAGE, MAY, 


Peat. 
Date. ALi 
12 GP | 18” 
rors ort | 
Uist ACR em Pe 39.7 | 31.73 
Ds a too ae er 41.13 31.96 
Ge ceatamcoh waancicny 44.93 | 31.96 
ge i ee 47.26 | 32.23 
Gee a, ne ate re 51.46 | 35.86 
es eee 55.23 | 39.03 
NSA ae eae eee 55.13 : 42.96 
Deroe tanta «en sveee 54.7 | 49.56 
| tens rt SP 55.5 | 50.9 
Me eee gos eee os 57.16 | 51.73 
1S vir i Rf oi 49.66 52.7 
De PIS Sis.c 6 ye Serre 51.4 | 51.8 
LEDGE. Se Samana Na i fe 49.96 | 51.83 
LG Peers Ds's's 2's vo aces 49.63 | 51.1 
1 (tere Terence 49.96 | 50.56 
RS eme eis E viele scat 50.6 | 50.0 
1 ER rte Sear stan 52.86 | 50.6 
Daca tee Feb coe tee 55.5 | 51.16 
PES ES BoA OTS TO ee 59.53 | 52.63 
Dorineobescitsevarmres oa) Ul-do) |oe.oe 
A RNs kien aoe | 65.0 | 54.9 
DD eraipicisiee sinisew ns es | 63.63 | 56.96 
MMe Rie aos boats 66.63 | 59.43 
2: SRE a hae Dine | 66.26 | 59.96 
SD bee ne Pend a nce ei cians | 63.33 | 61.13 
BO erate wert 60.83 | 60.1 
KIS Pr ncceeaeeenS 63.5 | 59.33 
Monthly average..... 54.93 | 49.04 


6.95% 
Org. Matter. 


| 47.00 


53.13 
57.53 
59.9 


| 62.93 


64.86 
59.96 
59.53 
62.13 
58.8 
47.9 
54.53 
48 .86 


49.36 
53.56 
51.26 


| 59.13 


58.9 
65.3 
70.93 
69.93 
70.26 
69.1 
65.7 
59.66 
65.16 
69.96 


59.66 | 53.68 60.22 


—— 


45.4 
45.53 
47.83 
49.83 
52.23 
54.46 
54.56 
54.0 
53.73 
55.0 
49.63 
50.3 
50.76 
49.53 
48.83 
50.1 
| 51.6 
52.3 
54.5 
57.1 
60.1 
59.66 
62.43 
61.86 
60.66 
57.73 
59.76 


5.47% 
Org. Matter. 


47.16 
53.93 
58.2 
60.13 
| 63.1 
65.03 
60.00 
59.76 
62.9 
59.0 
50.06 
55.43 
| 48.83 | 
49.46 
54.16 
52.1 
55.56 
| 59.36 | 
67.0 
| 72.36 
| 69.66 

71.0 

69.33 

66.4 
“58.9 

66.53 
70.9 | 


45.56 
45.6 


47.5 
55.6 
59.93 
61.46 
64.73 


| 65.86 


60.63 
60.3 
63.7 
58.86 
50.76 
56.3 


| 48.73 


49 .26 


| 55.4 


53.1 

55.66 
58.96 
69.56 


74.06 


69.56 
71.73 
68 .93 
66.46 
58.43 
68.6 
72.13 


45.56 
45.73 
48.7 
50.63 
52.7 
55.3 
54.46 
53.73 
53.9 
55.23 
48.96 
50.36 
50.63 
49.1 
48 .93 
49.5 
51.56 
52.7 
55.5 
58.73 
60.86 
59.93 
62.6 
61.86 
60.26 
57.83 
60.2 


2.01% 
Org. Matter. 


47.3 


54.4 | 


59.2 

60.4 

63.56 
64.66 
59.93 
59.13 
62.76 
58.43 
50.66 
55.46 


| 48.26 


48.96 
55.0 
52.9 
55.5 
59.43 
69.53 
73.2 
70.6 
70.83 
69.6 
66.36 
58.43 
67.16 
70.76 


53.90 60.45 


| 50.76 


| 


52.86 
55.43 
54.43 
53.53 
53.63 
55.13 
48.4 

50.16 
49.63 
48.86 
48.73 
50.0 

51.26 


| 52.66 


55.83 
59.33 
60.9 

60.2 

62.56 
62.06 
59.93 
57.86 
60.03 


ont meni 
5” | 18” 
45.43 | 44.6 
52.3 | 45.5 
56.06 | 48.5 
57.3 | 50.5 
60.33 | 52.46 
61.26 | 54.8 
57.53 | 53.53 
55.9 | 52.5 
58.76 | 52.76 
56.63 | 54.43 
48.23 | 47.33 
51.96 | 48.66 
46.4 | 48.36 
47.56 | 48.03 
52.73 | 48.03 
50.75 | 47.9 
53.9 | 50.53 
58.06 | 52.5 
66.83 | 55.83 
70.0 | 59.36 
68.43 | 61.03 
66.66 | 59.3 
67.46 | 61.63 
65.26 | 61.86 
56.9 | 59.13 
63.83 | 56.8 
66.53 | 59.1 
57.89 | 53.15 


EXPERIMENT STATION BULLETINS. 589 


SEAT EAL ae eee 
A 7 2 9 4 4 41220 2 2 (4 25 i622 £820 30 4 
(tS a dF Bi Hi af 
cat i cl a Ou Od 5 Sa 2 a = | 
a 5 SS 
a Si aM ST eee 
So FS Ts == a= SS TT 
Fe a a a a Fa a | 
S57 ae Sa a Kd A Gi ay | 
es) a AC) a DW saz 
LS a a a t a 
in ah PS Z ann 
eg tt tN fA 4 as d saa 
Ca ak a a dW 
eames eee --FT | ta] 
aay ar) SP = ial za | 7 
a a a a a 
a a a i a Ee i TI 
va Soe sseep ee aoe Ese ao | ope 
a 12 = | a Ea eae AE 
ee SS SINE POSEEP ERT ZEEE 
Pee oes sl fcala. mae ee | feats 
Ces ia a iE ia 
fet ras ae - tes ae 
== T oo 
=o ram Bias a ites 
(al en a 1 a a SUSAN AN Ne IK aap 
[ese i a I dro 
BOARS Ane es ON Sake We Need aN NT To 
ERS es a tS 10 | 
[| K eel oes 
e/a EN | ‘DY 130 
7 V 4 Z0 
eee alae ey ae [TL bg | le 
i Z WL Le 0! 
Enea Be, SNC A: | | 
= ageile 2e245 ae z ies [es] | 
Fass ee Yee es 
be a Saal =] if 
Lott 1 | | | tt [ | | 
Dl | | 
a = 
no aseseSaees Saevoeencosae 
TS Sol AT SES aso ze | | 
SSS ic cs a ene ea 
Se ee ee ee Pe es 
a a a 0 aa OS 


sec iesg ae ee ee z 
—— ooo eeenenee ea cee ee 7 


wha es aaeeeoe 
SRS 2 Ss ae OE | | 
SEG | | 
et | 
eae es Se Ses Poe ye ae RNa 

= Coe oe aero em 


| | 
We ERASE Aaa aS SS | 
Ke sis tT] Jot at A ae | | = 
EES 7s ee nd Le a a ees | ra 
ES Eee le 8 RE A De | 


aps 

Ieee ele eet | 
ea Seles : 

C2 ee SI Zam 
PN pe Se a a a 


FIG. 30. 


590 


STATE BOARD OF AGRICULTURE. 


TABLE 49.—EFFECT OF ORGANIC MATTER ON TEMPERATURE OF SOILS. DAILY AVERAGE JUNE, 1912. 


Date. 


64.96 
| 65.56 
62.9 
64.9 | 


6.95% 
Org. Matter. 


61.0 
61.4 
61.6 
61.23 
61.3 | 66.73 
61.26 | 
61.83 
61.3 | 
61.9 | 72.23 
62.4 
63.0 


62.88 | 70.51 | 68.78 | 


5.47% 
Org. Matter. 


73.86 
71.36 
67.26 
| 66.3 
70.66 
67.1 
66.56 
70.23 
70.86 
72.3 
70.86 
64.06 
71.43 
71.83 
68.5 
70.9 
70.23 
70.23 
72.36 
72.2 
75.56 
75.6 
74.3 
75.06 
69.96 


3.32% 
Org. Matter. 


62.56 
61.33 
62.2 
60.56 
62.1 
61.43 
61.03 
62.6 


| 62.83 


| 62.83 | 


64.2 
63.83 
63.9 


64.63 


63.83 | 


63.96 
63.93 
64.43 
64.73 
66.76 
66.9 


| 68.13 


| 
| 
| 


68 .06 
67.8 
67.9 


| 


2.01% 
Org. Matter. 


5" 


63.89 | 70.78 64.10 70.24 


| 


18” 


62.4 
61.13 
62.06 
60.36 
61.93 
60.9 
60.36 
62.03 
62.4 
64.0 
63.6 
63.26 
62.76 
64.4 
63.4 
63.8 
63.66 
64.16 
64.36 
66.53 
67.16 
67.96 
67.76 
66.7 
66.63 


63.80 


Peas. 
5” 18” 
69.20 | 61.46 
68.4 60.5 
65.1 61.36 
62.9 59.4 
| 66.66 | 61.16 
| 61.96 | 59.53 
: 61.63 | 59.0 
65.53 | 60.83 
67.36 | 61.3 
69.23 | 63.73 
67.26 | 62.86 
61.93 | 62.56 
68.96 | 62.5 
68.53 | 63.83 
64.5 62.36 
67.23 | 62.73 
66.93 | 62.8 
66.36 | 63.3 
68.3 63.43 
69.36 | 65.83 
76.03 | 66.33 
73.13 | 67.56 
72.03 | 67.43 
73.93 | 67.4 
77.03 | 66.6 
67.93 | 63.02 
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TABLE 50.—EFFECT OF ORGANIC MATTER ON TEMPERATURE OF SOILS. DAILY AVERAGE. JULY, 1912. 


Date. 


Peat. 


5" 


70.63 
71.33 
73.5 
73.73 
75.66 
76.3 
76.0 
77.0 
78.03 
78.13 
77.2 
75.5 
78.1 
74.2 
75.83 
73.9 
68 .66 
68.23 
67.2 
68.56 
70.46 
73.16 
70.63 
69.4 
69.23 
68.5 
67.13 


72.81 


6.95% 
Org. Matter. 


5.47% 
Org. Matter. 


5” 


3.32% 
Org. Matter. 


68 .23 
68.26 
69.7 
69.7 
71.23 
72.26 
71.6 
72.33 
74.1 
74.13 
73.9 
73.10 
74.06 
71.63 


2.01% 
Org. Matter. 


73.23 
75.2 
77.2 
77.96 
78.7 
78.7 
79.3 
82.26 
79.03 
81.2 
78.7 
74.13 
80.86 
75.1 


72.5 | 80.26 
72.36 | 69.6 


67.2 
66.83 
65.2 
67.2 
68.06 
70.03 
69.53 
68.2 
68.33 
67.16 
65.83 


70.11 


67.7 
63.86 
Taker 
70.46 
74.9 
78.1 
71.36 
73.73 
70.43 
66.83 
67.66 


68.0 
68.3 
69.8 
69.8 
71.53 
72.36 
71.66 
72.66 
73.43 
74.23 
73.76 
73.26 
74.23 
71.4 
72.4 
72.06 
66.5 
66.36 
65.16 
67.13 
68.16 
70.23 
69.3 
68.16 
68.3 
67.2 
65.7 


ca teenae 
5” 18” 
71.2 | 67.33 
73.5 68.0 
75.63 | 69.83 
76.36 | 69.7 
77.4 71.66 
77.3 72.5 
77.43 | 71.6 
80.23 | 72.56 
77.5 73.56 
79.3 74.0 
76.86 | 73.2 
73.0 72.8 
78.96 | 74.1 
72.0 70.4 
76.93 | 71.26 
68.23 | 70.9 
65.20 | 65.06 
62.53 | 65.13 
70.26 | 64.7 
68.76 | 66.63 
73.56 | 67.96 
76.53 | 70.23 
69.63 | 68.76 
13.7 66.8 
68.83 | 67.06 
66.5 67.4 
69.36 | 64.86 


74.55 | 70.03 | 72.85 


= yy = 
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TABLE 51.—EFFECT OF ORGANIC MATTER ON TEMPERATURE OF SOILS. DAILY AVERAGE, AUGUST, 1912. 


| ; 
| Peat. | oe ee. nt on ais. Ope Wi | Orn Se 
Date. — Ee 
| 5” | 18” | 5” 18” 5” 18” 5” 18” 5” 18” 5” 18” 
—— eee eee eee 
| 

AS sGrngeas cw cs bere? 66.13 | 66.8 | 67.23 | 65.33 | 66.43 | 64.76 | 67.86 | 65.13 | 68.06 | 65.3 | 66.23 | 64.53 
7 Gg Se ae era see cot 66.03 | 66.13 | 65.9 | 65.43 | 63.43 | 64.86 | 65.03 | 65.26 | 63.36 | 65.13 | 63.6 64.43 
See eS pas pose 63.2 | 65.56 | 62.23 | 63.63 | 61.4 | 62.9 | 61.4 | 62.9 | 61.4 | 62.56 | 59.93} 61.73 
Bhs usm eae Teas 65.6 | 64.13 | 70.03 | 64.56 | 70.16 | 64.2 | 70.86 | 64.6 | 70.0 | 64.43 | 67.13 | 63.13 
Gis brats sen eis gies ie sd 67.16 | 64.5 | 71.3 | 65.76 | 71.63 | 65.83 | 72.0 | 66.13 | 71.33 | 66.03 | 68.6 65.13 
(Gene oscar 68.6 | 64.96 75.53 | 67.1 | 72.4 | 67.13 | 72.46 | 67.46 | 71.9 | 67.26 | 69.76 | 66.53 
Sie Sayeed ase ae 69.56 | 65.4 73.13 | 67.36 | 73.53 | 67.4 | 73.73 | 67.66 | 73.06 | 67.33 | 71.3 66.9 
DR ete Ran SOC oes ¢ 70.23 | 65.66 | 71.73 | 67.76 | 71.86 | 67.3 | 71.96 | 67.96 | 71.76 | 68.06 70.56 | 67.63 
Lets Stare ccbicrtisis fete «Saas 69.0 | 66.56 | 69.86 | 67.0 | 70.0 | 66.86 | 69.93 | 66.96 | 69.83 | 66.8 | 68.73 | 66.5 
1 DRA a arStrantacaty tes 68.6 | 65.93 | 70.86 | 65.53 | 71.0 | 65.63 | 72.53 | 65.96 | 72.46 | 66.06 71.23 | 66.0 
LB eric (ane 71.5 | 66.0 | 75.36 | 67.23 | 75.76 | 67.33 | 77.60 | 68.36 | 77.56 | 68.83 | 76.10 | 69.06 
Ais Mie d abi cio'sis oly emo, 5 72.53 | 66.8 | 76.5 | 68.96 72.96 | 69.0 | 77.8 | 69.83 | 77.23 | 70.23 | 74.86 | 70.1 
ND Ge eictats avceiveves? 70.8 | 67.5 | 72.16 | 69.1 71.8 | 68.93 | 71.7 | 69.3 | 70.83 | 69.16 | 68.7 68.56 
gag eersriaverets ocaie ons 69.4 | 67.53 | 71.96 | 68.15 | 72.26 | 67.66 | 72.46 | 67.83 | 71.13 | 67.70 | 68.43 | 66.3 
Mie seth oth Gaetets 68.8 | 67.3 | 68.93 | 67.9 | 68.8 | 67.46 | 68.7 | 67.56 | 68.13 | 67.13 | 66.56 | 65.96 
1 eee 70.83 | 67.06 | 71.46 | 68.6 | 71.43 68.6 | 70.83 | 68.96 | 70.6 | 68.8 | 69.66 | 68.43 
WU bs prawn sles ges isrs os 70.56 | 67.2 | 72.56 | 67.8 | 73.1 | 67.8 | 73.93 | 68.1 | 73.86 | 68.1 | 72.5 67.83 
Dilrac re ders ore tie slenerte 71.1 | 67.86 | 72.5 | 68.5 | 73.23 | 68.23 | 74.3 | 68.96 | 74.23 69.16 72.73 | 68.86 
12 SEN EO TOT SO 70.33 | 68.43 | 70.16 | 68.7 | 70.7 | 68.76 | 71.76 | 69.4 | 71.56 | 69.36 | 69.73 | 68.8 
Cetus aise erent 67.23 | 67.86 | 66.73 | 66.96 | 66.8 | 66.4 | 67.16 | 67.2 | 66.9 | 66.86 | 61.7 65.86 
7) NR i EE Setar | 65.76 | 66.9 | 72.56 | 65.26 | 70.4 | 65.13 | 68.13 | 65.6 | 70.93 | 65.23 | 68.23 | 64.4 
7 Nth a ee 73.9 | 66.83 | 78.9 | 70.63 | 78.93 | 70.93 | 78.63 | 71.43 | 78.43 | 71.83 | 76.63 | 71.73 
Dike tr. Shel natstecte < © 71.63 | 68.86 | 73.83 | 70.83 | 73.48 | 70.73 | 72.93 | 70.7 | 72.0 | 70.386 | 69.56 | 69.65 
DB: Ee seears mis ie.ce ony 68.0 | 68.2 | 65.06 | 68.1 | 64.86 | 68.2 | 64.06 | 67.86 | 63.93 | 67.2 | 61.9 66.06 
7a Rett eNOS 66.3 | 67.46 | 65.96 | 65.9 | 66.13 65.63 | 69.5 | 65.56 | 65.96 | 65.06 | 64.7 64.23 
Sy: Ee See ee 63.26 | 65.53 | 60.8 | 63.53 | 60.5 | 63.06 | 60.73 | 63.8 | 60.83 62.5 | 60.2 61.83 
Dlisic peta Palin thief o5.4 65.23 | 64.53 | 70.6 | 62.56 | 71.63 | 62.73 | 72.96 | 63.43 | 72.43 | 63.6 | 71.23 | 63.36 
— —— 7 ee 
Monthly average..... 68.55 | 66.55 | 70.52 | 66.96 70.15 | 66.78 | 70.77 | 67.19 | 70.36 | 67.04 | 68.52 | 66.40 
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TABLE 52,—EFFECT OF ORGANIC MATTER ON pen rie oe OF SOILS. DAILY AVERAGE, SEPTEMBER, 


Date. 


Peat. 


5” 


| 54.10 


77.50 
| 75.70 


6.95% 
Org. Matter. 


78.60 


77.00 
77.37 
77.93 
78.43 
78.63 | 
73.70 
66.77 
66.83 | 
66.87 
65.27 
61.27 | 
64.23 
58.13 
59.97 | 
62.83 
60.00 
59.53 
63.90 
59.23 
53.57 
51.46 


, 50.36 


66.61 


69.43 
70.20 
71.18 
71.00 
71.03 
71.70 
71.33 
72.57 
72.83 
68.97 
67.27 
66.50 
65.47 
64.83 
63.53 
62.97 
61.13 
61.57 
61.00 
60.47 
60.77 
62.03 
58.53 
57.30 


54.66 | 


5.47% 
Org. Matter. 


3.32% 
Org. Matter. 


5” 18” 


70.53 
70.87 
71.27 
71.57 
71.53 
71.83 
72.03 
72.90 
73.00 
68 .60 
67.37 
67.07 
| 65.33 
64.47 
63.63 
62.60 
60.97 
62.10 
61.07 


62.33 


65.53 


60.17 | 
61.50 | 


2.01% 
Org. Matter. 


5” 


| 60.37 


ae a 
5” 18” 
77.23 | 70.97 
75.00 | 70.80 
73.43 | 70.77 
74.97 | 71.10 
76.80 | 71.27 
76.27 | 72.07 
76.43 | 71.50 
76.50 | 72.53 
71.80 | 72.03 
66.70 | 67.33 
67.23 | 66.63 
66.50 | 66.37 
63.97 | 64.33 
59.97 63.40 
63.67 | 62.90 
57.23 | 61.00 
59.27 | 57.90 
63.70 | 61.53 
59.50 | 59.87 
59.43 | 59.27 
65.70 | 61.00 
58.90 | 61.80 
52.27 | 56.13 
49.73 | 55.40 
49.96 | 53.23 
65.69 64.93 
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TABLE 53.—EFFECT OF ORGANIC MATTER ON re OF SOILS. DAILY AVERAGE, OCTOBER, 


Date. 


Pere ee ee 


Peat. 6.95% 5.47% 3.32% 2.01% 1.81% 
Org. Matter. Org. Matter. Org. Matter. | Org. Matter. | Org. Matter. 
AVES sth | —| | = 
5” 18” 5” 18” 5” 18” 5” 18” | 5” 18” 5” 18” 
51.90 | 57.26 | 53.76 | 54.40 | 54.20 | 54.23 | 54.56 | 54.30 | 54.43 | 54.00 | 53.23 | 53.03 
51.76 | 56.23 | 54.16 | 54.96 | 54.76 | 54.53 | 55.33 | 54.90 | 55.36 | 54.50 | 54.03 | 53.43 
52.20 | 56.23 | 52.60 | 55.50 | 52.76 | 55.20 53.06 | 55.30 | 53.00 | 54.96 | 52.13 | 54.13 
54.9 | 55.7 | 55.95 | 55.40 | 55.95 | 55.25 | 55.95 | 55.85 55.60 | 55.80 | 54.65 | 55.20 
54.66 | 55.86 | 57.56 | 56.23 | 58.03 | 56.20 | 56.03 | 56.13 | 58.40 | 55.90 | 57.46 | 55.83 
58.26 | 56.23 | 60.03 | 58.73 | 59.66 | 58.90 | 59.50 | 59.40 | 59.60 | 59.43 | 58.66 | 59.06 
52.86 | 56.60 | 51.03 | 57.03 | 50.06 | 57.16 | 49.46 | 55.63 | 49.50 | 54.96 | 48.33 57.10 
51.83 | 55.40 | 52.36 | 54.00 | 52.76 | 53.70 | 33.00 | 53.73 | 52.56 | 53.26 | 51.53 | 52.46 
54.23 | 55.60 | 54.07 | 55.17 | 54.07 | 55.07 | 54.10 | 55.07 | 53.90 | 54.73 | 53.10 | 54.27 
55.47 | 55.53 | 57.00 | 55.13 | 57.10 | 55.20 | 57.30 | 55.57 | 57.07 55.30 | 55.90 | 55.07 
56.83 | 55.63 | 55.20 | 56.77 | 54.50 | 56.57 | 53.63 | 56.63 | 53.63 | 56.43 | 53.03 | 55.99 
48.55 | 54.75 | 50.40 | 51.85 | 51.75 | 51.65 | 52.35 | 51.7 | 52.35 | 51.25 | 51.85 | 50.60 
48.70 | 53.90 | 48.63 | 51.87 | 49.43 | 51.10 | 48.93 51.50 | 48.83 | 51.00 | 47.87 | 49.97 
46.57 | 52.07 | 46.83 | 50.60 | 47.23 | 50.20 | 47.40 | 50.10 | 47.23 | 49.87 | 45.70 | 48.57 
47.10 | 52.17 | 49.87 | 50.53 | 51.30 | 50.53 | 51.33 | 50.70 | 50.87 | 50.30 | 49.37 | 49.13 
50.47 | 51.50 | 54.47 | 52.07 | 55.20 | 52.17 | 56.60 | 52.57 | 55.67 | 52.50 | 54.67 | 52.17 
50.37 | 51.50 | 48.83 | 51.60 | 49.27 | 51.97 | 48.77 | 52.27 | 48.73 | 52.07 | 48.30 | 51.50 
48.87 | 52.60 | 51.11 | 51.30 | 51.70 | 51.00 | 52.10 | 51.13 | 51.57 | 50.67 | 50.73 | 49.72 
52.83 | 51.77 | 53.07 | 54.93 | 55.10 | 53.30 | 54.77 | 54.00 | 54.83 | 58.47 | 54.37 | 53.37 
48.17 | 51.37 | 45.10 | 50.90 | 44.13 | 50.20 | 43.10 | 50.00 | 43 40 | 49.47 | 43.20 | 48.67 
45.83 | 52.43 | 44.10 | 49.83 | 43.70 | 49.13 | 43.03 | 48.73 | 43.00 48.03 | 42.60 | 46.77 
45.40 | 51.47 | 44.70 | 48.50 | 44.77 | 47.60 | 45.13 | 47.53 | 45.33 47.07 | 44.60 | 46.03 
45.27 | 50.77 | 46.13 | 48.40 | 46.00 | 48.10 | 46.10 48.03 | 46.03 | 47.73 | 45.13 | 46.83 
45.63 | 49.37 | 48.27 | 48.47 | 48.10 | 48.23 | 48.77 | 48.20 49.10 | 47.90 | 47.53 | 46.97 
47.80 | 49.57 | 50.17 | 49.83 | 50.57 49.73 | 51.23 | 50.07 | 51.30 | 49.93 | 50.30 | 49.40 
47.10 | 49.47 | 44.43 49.40 | 44.10 | 49.23 | 43.37 | 49.20 | 43.50 | 48.67 | 42.73 | 48.07 
43.37 | 49.50 | 39.30 | 47.50 | 39.17 | 47.00 | 38.40 | 46.77 | 38.27 | 45.67 | 37.40 | 44.03 
SSS ee 

50.26 53.37 | 50.70 | 52.63 | 50.93 52.34 | 50.11 | 52.41 | 50.85 52.04 | 49.93 | 51.37 
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TABLE 54.—EFFECT OF ORGANIC MATTER ON ge ease xcs OF SOIL. DAILY AVERAGE, NOVEMBER, 


Peat. 
Date. re 
| 5" 18” 
os 
, SA ee 40.16 | 48.86 | 
Oa ee ate 38.30 | 47.36 
0d Angee Cree Foe 36.90 | 44.73 | 
ee ee ee 40.10 | 44.23 
ee ee | 45.86 | 44.50 
7 ae Se ee | 45.76 | 45.43 
ee eee | 42.66 | 46.06 | 
CO ares 42.40 | 46.26 
TOperstt set. 3s a2 | 43.53 | 45.33 
ae fine pee | 48.63 | 45.96 
PR escent 50.33 | 47.66 
Cte ek) eee 43.90 | 48.20 
Sheesh Maid t. 25. 40.46 47.90 
AO ards Ss dase 38.20 | 46.26 
i re | 37.63 | 43.50 | 
Ne oe 38.13 | 43.26 
DS Blane heaermee | 38.60 | 43.06 | 
BEE Ve ortve.3s 40.00 | 42.23 
Oe A 39.13 | 42.90 
ee ene ee | 36.87 | 42.50 
Eee On Re | 36.03 | 41.73 
Bie ft Meo idee: 35.70 | 41.33 
a ee | 36.00 | 41.65 
| a er ee 35.47 | 40.90 | 
Monthly average..... 40.45 


6.95%, 
Org. Matter. 


45.03 
| 42.86 
42.36 


43.70 | 


46.56 
| 47.46 
| 45.93 
| 45.50 
| 45.33 
| 48.53 
50.23 
| 47.33 

44.50 
| 42.73 
| 41.96 
| 42.06 
| 42.36 
| 42.66 
| 42.93 
40.50 
| 39.43 
39.07 
| 39.50 
38.97 


44.67 39.97 | 43.63 


5.47% 
Org. Matter. 


43.46 | 


3.32% 
Org. Matter. 


| 41.83 
| 41.60 
42.03 | 


18” 


43.76 
42.10 
41.86 
43 .90 
47.40 
47.70 
45.20 
45.20 
45.60 
48 .86 
50.83 
46.56 
43.70 


42.10 
42.93 
42.43 


39.57 
38.97 
38 .63 
39.05 


| 08.53 


2.01% 
Org. Matter. 


35.10 
33.96 
38.26 
44.90 
49.16 
44.45 
42.06 
41.80 
48 .13 
52.00 
49.40 
37.06 
35.00 
33.00 
37.20 
39.76 
39.90 
43.86 


| 38.13 


33.67 
33.00 
33.17 
33.80 
33.07 


43.34 | 39.58 


43.16 
41.23 
41.23 
43.60 
47 .36 
47.40 
44.76 
| 44.90 
| 45.40 
48.80 


46.16 


40.93 


41.50 


42.60 


| 38.07 
38.40 
38.00 


42.80 


50.70 | 
| 42.80 | 
40.90 | 
| 41.63 | 
41.70 | 


38.83 | 
38.20 


Ona 
5” 18” 
34.60 | 41.60 
33.23 | 39.60 
37.56 | 39.96 
44.23 | 42.96 
48.60 | 47.16 
43.46 | 46.97 
41.10 | 43.83 
40.90 | 43.96 
47.36 | 44.53 
| 51.30 | 48.70 
48.70 | 50.46 
36.23 | 44.60 
33.73 | 41.40 
31.63 | 39.26 
36.20 | 39.63 
39.06 | 40.53 
38.76 | 40.66 
43.26 | 42.26 
37.40 | 40.26 
32.70 | 37.67 
32.00 | 37.17 
32.20 | 36.80 
32.95 | 37.30 
32.03 | 36.73 
38.72 | 41.60 
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TABLE 55.—EFFECT OF ORGANIC MATTER ON ci teat a OF SOILS. DAILY AVERAGE, DECEMBER, 


Peat. wie aaa oe as: 
Date. Bx <— 
5” i’ | 5° 1” | 5” 18” 
}——|_ | ——|— 

D) es eau btoxe ee 39.70 | 40.20 | 43.53 | 41.27 | 43.80 | 41.67 
- EAR ee Me 38.00 | 40.87 | 36.57 | 41.50 | 36.27 | 41.20 
hd peared os! 36.93 | 40.63 | 38.40 | 40.00 | 38.53 | 39.83 
ee ee 37.13 | 40.47 | 38.83 | 40.07 | 39.37 | 40.00 
aE vere Peace 40.80 | 40.97 40.03 | 42.97 ahaa 
Wien ass lab acc eve. 37.23 | 41.13 | 35.13 | 40.40 | 34.60 wor 
OY Son cite Sol tes 34.87 | 40.43 | 33.10 | 38.37 32.70 | 38.10 
a T e | 34.13 | 39.63 | 32.43 | 37.50 | 31.90 | 37.17 
Be Sas ops dees Sa: | 33.87 | 39.20 | 32.53 | 37.37 | 32.10 | 37.03 
ASS Ooo. Seed. 33.37 | 38.63 | 30.97 | 36.87 | 29.17 | 36.43 | 
A Seo ee) ests 32.70 | 38.03 | 30.10 | 36.03 | 29.37 35.63 | 
Ie oe eee 32.37 | 37.40 | 30.13 | 35.57 | 29.50 | 35.30 
He a oe 88 os, 32.10 | 36.73 | 31.33 | 35.10 | 31.40 | 34.90 | 
BT esses Peli ks core 32.37 | 36.83 | 31.57 | 35.40 | 31.77 | 35.10 | 
ARLES deeic i ge 33.03 | 37.33 | 32.30 | 36.10 | 32.50 | 35.83 
(CNM Sher oe a eee 33.10 | 37.20 | 32.33 | 36.07 | 32.57 | 36.00 | 
Pers ge: We NG said | 33.00 | 37.10 | 32.27 | 35.93 | 32.40 | 35.80 
7) te ie SL ea Reet | 33.07 37.00 | 32.57 | 35.97 | 32.80 | 36.00 
ae ae B 32.40 | 36.33 | 31.80 | 35.43 | 31.50 | 35.37 
°, aol Stan 32.00 | 35.93 | 31.23 | 35.07 | 31.23 | 34.97 
7 ee SS ey ne 32.43 | 36.30 | 31.37 | 35.33 | 31.13 | 35.20 
PA Se Beane 32.80 | 36.63 | 32.23 35.83 | 32.37 35.67 
Sieh oe ee EA | 32.50 | 36.30 | 31.35 | 35.45 | 30.85 | 35.35 
oe ears eee 32.80 | 36.23 | 31.93 | 35.43 | 32.17 | 35.27 
ee eT eS 31.90 | 35.80 | 31.60 | 34.83 | 31.73°| 34.70 
Monthly average..... 34.18 | 38.13 33.43 | 37.17 33.25 | 37.00 


3.32% 
Org. Matter. 


M 
8 


37.00 | 
| 


2.01% 1.81% 
Org. Matter. Org. Matter. 
5’ | ier | Gree | ame 

47.07 | 42.40 | 43.00 | 42.20 
35.23 | 40.20 | 34.23'| 38.97 
38.30 | 39.60 | 37.47 | 38.77 
39.63 | 39.47 | 38.70 | 38.57 
38.27 | 42.50 | 37.53 | 41.87 
33.53 | 39.10 | 32.60 | 37.90 
31.20 | 37.07 | 30.00 | 35.70 
31.13 | 36.33-| 30.27 | 35.10 
31.17 | 36.23 | 30.20 | 35.07 
26.53 | 35.37 | 25.00 | 33.90 
28.50 | 34.53 | 27.37 | 33.17 
28.83 | 34.80 | 27.87 | 32.77 
31.23 | 34.33 | 30.80 | 33.17 
32.23 | 34.90 | 32.50 | 33.87 
33.23 | 35.77 | 32.47 | 34.97 
32.97 | 35.87 | 32.00 | 35.00 
32.53 | 35.57 | 31.37 | 34.67 
32.73 | 35.77 | 31.60 | 34.70 
30.63 | 35.00 | 29.53 | 33.67 
30.87 | 34.43 | 29.97 | 33.20 
30.53 | 34.83 | 29.33 | 33.47 
32.17 | 35.17 | 31.23 | 34.20 
29.65 | 34.55 | 28.30 | 33.55 
32.03 | 34.83 | 31.20 | 33.67 
31.53 | 34.40 | 30.83 | 33.27 
32.87 36.50 | 31.81 | 35.42 
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TABLE 56.—EFFECT OF ORGANIC MATTER ON SOIL TEMPERATURE. DAILY AVERAGE, JANUARY, 1913. 


| om. | gam | ae | sam | 2am | sam 
Date. 2 Pie) ore ee ates; a 
5’ | iar | 5° | 1” | 5° ar | 5” 5« | 18" | 5° | Ie 

= el | | 

) TOE ice Seacsaen cone: 31.77 | 35.63 | 31.50 | 34.77 | 31.60 | 34.70 | 31.43 | 34.80 | 31.30 | 34.13 | 30.57 33.20 
ra Sharon aid on hiers ca 31.80 | 35.53 | 31.43 | 34.80 | 31.70 | 34.80 | 31.40 | 34.80 | 31.47 | 34.20 | 30.73 | 33.27 
A tea en eee 32.33 | 35.90 | 31.97 35.20 | 32.13 | 35.17 | 32.10 | 35.23 | 32.00 | 34.77 | 31.03 Boe 
BEY See, aos Hence 32.37 | 35.90 | 32.03 | 35.10 | 31.97 | 35.07 | 31.90 | 35.17 | 31.73 34.83 | 31.10 33.80 
| ANCE Pee wie Coe 31.70 | 35.67 | 31.47 | 34.77 | 31.47 | 34.57 | 31.53 | 34.53 | 31.43 | 33.73 | 30.60 32.87 
(bye ee irs ee 32.67 | 36.33 | 32.07 | 35.37 | 32.00 | 35.37 | 31.80 | 35.33 | 31.83 34.90 | 30.80 33.90 
|: ee See > ee 32.80 | 36.40 | 32.60 | 35.70 | 32.30 | 35.30 | 32.30 | 35.30 | 32.10 | 34.90 | 31.10 34.00 
CN A Pn Ree ree 31.85 | 35.30 | 31.35 | 34255" | 31.15 34.50 | 31.05 | 34.60 | 31.00 | 34.10 | 29.90 33.15 
1 (SS ae eae castictct 32.17 | 35.83 | 31.70 | 34.97 | 31.47 | 34.83 | 31.33 | 34.80 | 31.30 | 34.30 | 30.30 33.40 
if Sara | Sane Be Fae 32.07 | 35.67 | 31.93 | 34.80 | 32.03 | 34.60 | 32.03 | 34.63 | 31.77 | 34.23 | 31.07 Bees, 
1 Cee eas AR 32.40 | 35.80 | 32.40 35.00 | 32.37 35.03 | 32.43 34.90 | 32.30 | 34.80 | 29.50 33.73 
ea cay Acetic ts sia 32.23 | 35.83 | 32.37 | 35.00 | 32.07 | 34.97 | 32.20 | 35.03 | 31.90 | 34.60 | 30.17 33.37 
ye: be etek cco ak < 32.17 | 35.80 | 32.47 | 35.03 | 32.10 | 38.00 | 32 23 | 35.03 | 31.93 | 34.57 | 30.80 33.43 
hg SR Ee eae ee 32.27 | 35.77 | 32.33 30.10. || o2.00 [100.00 || d2.20 | 34.83 32.17 | 33.90 | 31.57 33.33 
| Ree ae ee 92.20 || odatd | d2.00) | coca! I) de-al | o&.97 9] o2.00 | 34.80 | 32.43 | 34.23 | 32.23 aoe De: 
1 (CAA int oar, eg | 02.17 |°35:67 || 32.37 | 35:10 | 32.43. |-34:77 | 32.33. |. 34:77 32.30 | 34.17 | 31.90 | 33.80 
DES St ta stolen tie’s | 32.70 | 35.90 | 32.73 | 35.47 | 32.70 | 35.10 | 32.63 | 35.07_| 32.57 | 34.93 | 32.23 34.17 
OF gauil, cern ee A ee | 32.73 | 36.10 | 32.93 | 35 50 32.93) |°35-435\"aerle. | 35.50) | 82-93) | *sbeloeaoess 34.63 
DORE eee. cece 32.70 | 35.83 | 32.93 | 35.20 | 32.87 | 35.33 | 33.17 | 35.57 | 32.87 | 35.10 | 32.00 34.27 
OR Wes Bama acter pmo ae | 32.83 | 35.90 | 32.90 | 35.27 | 32.90 |. 35.37 | 33.10 | 35.63 | 32.93 | 35.10 | 31.97 34.23 
0) Ne 2 ee ee eee | 32.63 | 35.67 | 32.87 | 35.30 | 33.07 | 35.33 | 33.03 35.47 | 32.83 | 35.07. 31.97 34.27 
eee kD, 32.53 | 35.70 | 32.83 35.07 | 33.10 35.30 | 32.90 | 35.30 | 32.27 | 35.00 | 30.87 33.93 
OY tA See eee 32.43 | 35.47 | 32.77 | 35.00 | 32-97 | 35.13 | 32.10 | 35.13 | 31.17 34.87 | 30.40 33.93 
OF a) Sa ae eer Rear | 31.90 | 35.37 | 30.93 | 35.00 | 31.40 | 35.00 | 28.30 ! 34.93 | 27.93 34.37 | 27.37 33.40 
SO os i Ee | 30.57 | 35.33 | 28.17 34.87 | 28.60 | 34.73 | 25.90 | 34.50 | 25.07 | 33.87 | 24.60 32.93 
itd ee eae | 31.10 | 35.07 | 30.50 | 34.10 | 30.67 | 34.17 | 30.17 | 33.97 | 30.13 | 33.27 | 20.90 | 32.57 
Loree ites Sonia: | 31.90 | 35.03 31.80 | 34.20 | 31.40 | 34.13 | 32.13 | 33.87 | 31.93 | 33.40 | 31.17 32.47 
= Ras Sa oT =| |. a 
Monthly average..... 32.18 | 35.71 31.99 35.02 | 32.00 | 34.95 | 31.75 | 34.95 | 31.54 | 34.46 | 30.68 33.58 
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TABLE 57.—EFFECT OF ORGANIC MATTER ON eee OF SOILS. DAILY AVERAGE, FEBRUARY, 


| 


rn. | ba | sam | sm | 20m | Laie 
Date. a eu = “Py it 
5" ‘I8” 5” 18” 5f 18” 5 18” 5” 18” 5" 18” 

| ee ee Ann 28.60 | 35.10 | 24.93 | 34.30 | 24.73 | 34.27 } 23.40 | 34.10 | 24.60 | 33.63 24.53 32.87 
STORE cle ete ink tern 28 .93 | 34.80 27.70 | 33.56 | 28.06 | 33.23 | 27.70 | 33.20 | 27.33 | 32.36 | 26.36 31.30 
Be oa se aah ohero ct 27.56 | 34.93 | 25.00 | 33.63 | 24.96 | 33.53 23.93 | 33.20 | 23.76 | 32.30 | 23.06 | 30.96 
| RA: Bare ees = 23.86 | 34.53 | 19.60 | 33.10 | 18.86 | 32.70 | 17.46 | 32.33 | 17.36 | 30.93 16.73 28.53 
[Rae Oe ne eee a 22.50 | 34.30 | 19.20 | 33.13 18.56 32.23 | 17.46 | 31.20 | 16.80 | 30.33 | 16.26 27.70 
lg ele Oe ees 26.33 | 34.16 | 24.16 | 33.76 | 23.06 | 31.86 | 22.20 | 31.40 | 22.10 | 30.96 | 21.53 29.03 
ee ee ee 27.23 | 33.73 | 27.10 | 32.33 | 26.70 | 31.23 | 25.70 | 31.20 | 25.66 | 31.03 | 25.10 29.76 
NU ett ten ferret 25.50 | 33.53 | 24.56 | 31.56 | 24.16 | 30.70 23.56 | 31.16 | 23.36 | 30.70 | 22.73 29.10 
ARae ke heeds: het hoe oe 29.20 | 32.90 | 28.56 | 31.23 | 28.13 | 31.13 27.23 | 31.43 | 27.43 | 31.13 | 26.50 30.53 
1 erik ee eee 23.36 | 33.33 | 19.40 | 31.33 | 20.06 | 30.43 | 18.46 | 31.06 | 18.60 | 30.56 | 18.43 29.73 
1S Pe a ne. § 22.03 | 33.03 | 18.76 | 30.23 | 19.80 | 28.80 | 18.83 29.76 | 18.43 | 29.36 | 17.86 27.36 
PA Iie ee See Se oe 28.56 | 32.53 | 24.26 | 29.16 | 24.86 | 28.63 24.96 | 29.53 | 24.60 | 29.30 | 24.20 28.06 
Vee ee, See en See 29.10 | 32.17 | 29.73 | 30.43 | 29.43 | 30.17 | 29.83 | 30.70 | 28.83 | 30.30 | 28.37 29.60 
Li Ra ee ae ee ee 29.90 | 32.37 | 29.60 | 31.03 | 29.57 | 31.17 | 29.43 | 31.57 |.29.13 | 31.40 | 28.30 30.67 
1S: Se cee acdsee 28.50 | 32.30 | 27.97 | 30.70 | 28.03 | 30.90 | 28.73 | 31.23 | 28.00 | 31.03 | 27.47 29.90 
NO had tert dont Sates te 31.07 | 32.33 | 31.50 | 31.33 | 31.97 | 31.67 | 31.97 | 32.13 | 31.87 | 32.00 | 31.00 31.73 
21 ae fea aA aS ee 2 31.50 | 32.40 | 32.07 | 31.70 | 32.80 | 31.97 | 33.63 | 32.13 | 33.03 "32.07 31.93 31.80 
ALP. BY ae Pe, ok 32.13 | 33.03 | 32.60 | 32.47 | 32.90 | 32.60 | 39.73 | 33.07 | 32.57 BP Aly ir fou (3 ke 8 32.43 
PAR RR pee Sat 31.97 | 32.73 | 32.20 | 32.10 | 32.47 | 32.30 32.27.| 32.80 32.20) | 32:50) | 31.537)" A207 
Tk ae ee. Se ee Sena 32.35 | 32.95 | 32.35 | 32.40 | 32.65 | 32.65 | 32.50 | 32.90 | 32.25 | 32.65 | 31.40 32.25 
Le ee a SR EE ASF 31.80 | 32.33 | 31.87 | 31.90 | 32.07 | 32.07 | 31.90 | 32.30 31.63 | 32.20 | 30.37 31.70 
7. Ss Re ee Pe 31.93 | 32.80 | 32.17 | 32.20 | 32.27 | 32.50 | 32.13 | 32.67 31:78) 32.38) | oOLee 31.93 
BSR Ps cc Cantos 31:97 | 32.53 32.10 32.10 | 32.20 | 32.27 ; 32.07 | 32.60 31.90 32.23 | 31.10 31.87 
28. Ae et Pee 32.00 | 32.67 | 32.13 | 32.17 | 32.43 | 32.47 | 32.20 | 32.63 | 31.80 | 32.37 | 31.05 31.97 
4 raed SS 

Monthly average...... 28.66 33.23 | 27.48 | 31.99 | 27.53 | 31.73 27.10 | 31.93 26.88 | 31.52 | 26.19 30.50 
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_UAILV_AVERAGE TEMPERATURE FOR FEBRUARY - 17135. _ 
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Space does not permit full and detailed discussion of the results of 
this experiment, hence only the principal points will be emphasized. 

All the soils at both depths remained frozen till April 4 on which day 
the upper 5 inches of the soil with 2.01 and 3.82% organic matter 
thawed, followed by the soils with 1.81, 5.4 and 6.95% organic matter 
the next day and by peat 7 days later. The 18 inch depth thawed in 
the following order: 1.81% organic matter April 10, 2.01% April 10, 
3.32% April 11, 5.27% April 12, 6.95% April 15, and peat May 4. Im- 
mediately upon thawing the temperature of the soils with the lowest 
percentage of organic matter rose the highest followed by the other two 
soils in the order of their increased organic content. On the second 
day after the first thawing appeared, the temperature of the soil with 
1.81% organic matter fell back from that of the soils with 2.01 and 
3.82% organic matter but it was still ahead of the temperature of the 
soils with 5.42 and 6.95% organic matter. The temperature of the two 
latter soils attained the same magnitude as the temperature of the soils 
with the three lower percentages of organic matter, about April 15. 
At about this time the lower depths of the soils with the higher per- 
centages of organic matter thawed, hence the logical inference would 
seem to be that it was probably these frozen layers below that delayed 
the rapid rise of the temperature of these soils. The temperature of 
the soils with the intermediate percentages of organic matter (2.01, 3.32, 
5.47%) tended to be higher than that of the soils with 1.81 and 6.95% — 
from the second or third day after thawing to the end of the month of 
April, and for all the time thereafter. The temperature of the soil with 
1.81% organic matter was higher than that of the soil with 6.95% up 
to the middle of April and from then on it was the latter that was 
ahead. The temperature of the peat did not attain the same magnitude 
as that of the other soils until about May 11, or only a few days after 
the lower depth had thawed. 

The temperature of all the soils at both depths continued to increase 
until July when the maximum was attained and then it began to de- 
crease until freezing time. The highest temperature was attained by 
all soils at the upper 5 inch depth between the 9th and 11th of July. The 
soil with 1.81% organic matter reached its average maximum on July 
9th with 80.23° F., 2.05% July 9th with 82.26°, 3.32% July 9th with 
22.338°; 5.47% July 11th with 81.63°; 6.95% July 11th with 82. 23°; and 

peat July 11th with 78.13°. At the 18 inch depth the highest average 
temperature was reached by the soil with 1.81% organic matter on 
July 11th with 74°; 2.01% on July 11th with 74.23°; 3.32% on July 
11th with 73.13°; 5. 47% July 11th with 73.76°; 6.95% July 12th with 
74.1°; and peat on July 12th with 72.72°. 

From this period on the temperature of all the soils at both depths 
decreased somewhat irregularly but gradually until the freezing period 
and then until the minimum was attained. The first freezing occurred 
about the first part of December, when the soils with the different 
amounts of organic matter froze about the same time with small varia- 
tions. The soils with 1.81, 2.01, and 3.33% organic matter froze at the 
upper 5 inch depth on December 9th, with 5.47% on December 10th, with 
6.95% on December 12th, and peat about December 13th. The 18 inch 
depth of the different soils froze at the following dates: 1.81% organic 
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matter Feb. 3rd; 2.01% February 5th; 3.32% February 6th; 5.47% Feb- 
ruary 7th; 6.95% February 10th; and peat February 15th. 

The temperature of the upper 5 inch depth of all the soils fluctuated, 
after the freezing point was reached, as the average temperature varied, 
and the amount of fluctuation was greatest when the soils were not 
covered with snow. The lowest average temperature reached by all the 
soils at the upper depth, was on Feb. 6th with the following results: 
181% 16:26° F., 2.01% 16.80°, 3.32% 1746°, 547% 18.56°. F., 6.95% 
19.20°, peat 22.50°. After this date the temperature tended to fluctuate 
from the above points to 32° until the thawing period. 

From the time of thawing to the end of September the soils with 2.01, 
3.32, 5.47 and 6.95% organic matter showed a higher daily and monthly 
average temperature than the soil with 1.81% and peat. This was true 
at both depths. The temperature of the first three soils tended to be 
about the same through all the warmer months with a slight difference 
in favor of the soil with 3.32% organic matter. The temperature of 
peat ran considerably lower than that of the soil with 1.81% organic 

matter up to the end of June. From this time on until the freezing 
period the temperature of both soils ran about the same with a slight 
difference in favor of peat. 

It will now be worth while to study the moisture content of these 
soils and compare this with their heat relationships and thereby see to 
what extent the object of this research has been answered. 

The water content of these soils was determined several times during 
the warmer part of the year, but for the sake of brevity, only three 
determinations will be given, namely those taken April 3rd, when the 
soils commenced to thaw, July 27th, in the warmest month of the year, 
and November 4th, when the rapid cooling commenced. The data are 
represented herewith: 


TABLE 59.—MOISTURE CONTENT OF SOIL we DIFFERENT AMOUNTS OF ORGANIC MATTER. FIVE 


NCH DEPTH. 
Date. 1.81%7 | 2.01% | 3.32% | 5.47% | 6.95% Peat. 
iol HE flee Se ae __16.96"| _ 12.92} © 21.80} | 26.90] 32.53} 256.5 
‘ae. Coa Reta a pce a a 2.08°| 3.69 6.78 12.83 17.42 236.4 
Novem bender ae scratch hiccicc heehee cine eae 2.46 5.85 8.63 | 2° 14.46 21.8 247.8 


It will be seen that the moisture content for all the soils varied con- 
siderably at the different times, but it increased very markedly in all 
of them, with the increase of the organic content. In the determinations 
of July and November the soil with 6.95% organic matter contained 
about 9 times as much water as the soil with only 1.81%, while the peat 
possessed almost 120 times as much as the latter and about 12 times 
as much as the former. : 

These facts lead to the important conclusion that color plays an 
important part in the warming of the soil and contradicts the common 
belief that its influence or effect is overbalanced or overshadowed by 
the greater moisture content that the colored soils tend to possess. 
The results above show conclusively that when the soils are colored, 

Wi 
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eyen in different degrees of shade, so that the reflection is considerably 
reduced, if not entirely eliminated, their temperature is about the same, 
irrespective of their moisture content, and that it is higher than that 
of the uncolored soil whose reflection is very great and whose moisture 
content is small. 

The question might now be asked why peat did not also have a much 
higher temperature than the uncolored soil. It would have had if it 
were not for its water holding peculiarities. Peat or muck has not only 
a very great water holding capacity but also has the ability to retain 
and absorb water on the surface, which on account of its slow but con- 
tinuous evaporation, tends to keep the temperature down. This fact 
is well illustrated in the following experiments. <A piece of ground 
was covered with a thin layer of peat while another piece was covered 
with a thin layer of white sand. The temperature records taken several 
times throughout the summer show that both plots at the depth of 7 
inches were equally warm, with a slight difference in favor of the plot 
covered with the white sand. In another experiment, instead of using 
peat, dark colored sand was employed. The results show that the tem- 
perature of the dark covered soil was from 4° to 7° F., higher than that 
of the white covered soil. In still another experiment, wooden boxes 
12 inches square and 2 inches high were filled with white sand, black 
dyed sand, and peat, in the dry condition, and placed out in the sun 
and the temperatures were taken many times during the day for several 
days. The results show that the temperature of the black sand was 
always about 5° to 6° F., higher than that of the white sand, while the 
temperature of the peat was lower than that of the black sand and only 
about 1° or 2° F., higher than that of the white sand. The results 
under the investigation of the temperature of the different types of 
soil show also that when the peat was covered with a thin layer of a 
sandy soil its temperature was little higher during the warmest part of 
the year than that of the other soils. All these facts go to prove, there- 
fore, that the high heat absorptive power of pure peat, on account of 
its black color, is considerably reduced by its other properties and con- 
sequently its temperature is below that of the other types of soil. 

The color of soils differs considerably. It merges into different shades 
of the same color or into the various colors of the spectrum. The differ- 
ent colors of the spectrum such as blue, green, red, yellow, etc., are 
found in soils. Some of them occur very rarely.. There are various 
causes of these colors, chief of which are the humus and the iron com- 
pounds. All these natural colors, as shown by the present investiga- 
tion and by the research under absorption, play a very important part 
in the heat relationship of the soil. 

Nothing very definite can be said as to the influence of color on the 
temperature of soils covered with vegetation. An experiment was com- 
menced to ascertain an answer to this question but it was too late in 
the season and the results obtained cannot be absolutely relied upon. 
It would seem, however, that extreme shades of color, such as black 
and white, would impart to the soils different heat relationships and 
especially during the early part of plant growth, which is the most 
important in the life history of plants. Even when the vegetation is 
well advanced, if the planting has not been too thick so the sun rays 
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are entirely intercepted, the color will influence the warmth of the soil. 

As to the influence of the meteorological elements on the temperature 
of these soils, the reader can obtain a better idea by referring to the 
charts for each month. It will suffice to mention again that these ele- 
ments are too complex in their behavior and consequently the influence 
of all of them is not very regular. 


DAILY AND MONTHLY RANGE OF TEMPERATURE. 


In the following tables with their respective charts, is shown the high- 
est and lowest temperature as recorded tri-urnally. What has already 
been said concerning them under the discussion of the temperature of 
the different types of soil applies to the present case equally well. 

The tables. contain the maximum and minimum temperature, while 
the charts contain the differences or amplitudes of these maxima and 
minima temperatures. The air temperature is also the range. All the 
other weather elements are the averages. 


— 


0.52 


F SOILS. DAILY MAXIMUM AND MINIMUM, 


MARCH, 1912. 
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TABLE 58.—EFFECT OF ORGANIC MATTER ON TEMPERATURE O 
Date—Maximum, minimum. 
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TABLE 69.—EFFECT OF ORGANIC MATTER ON TEMPERATURE OF SOILS. DAILY MAXIMUM AND MINI- 
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The data show that when the soils were frozen there was very little 
variation in temperature at both depths not only within the same soil but 
also among the different soils, as evidenced by the results of March when 
all the soils were still frozen. Immediately upon thawing and also after 
that until the next freezing commenced the amplitude of the upper 5 inch 
depth was quite marked, both within the same soil and among the dif- 
ferent soils. In the 18 inch depth, it was comparatively small. At 
both depths, the soil with 3.82% organic matter gave the greatest varia- 
tion in temperature followed by the soils with 2.01, 5.47, 1.81, 6.95% 
organic matter and lastly by pure peat. Evidently the soils with the 
medium amounts of organic matter gave the greatest amplitude while 
those with the opposite extreme of organic matter gave the smallest. 
This was exactly the way that their average temperature behaved. 

The fluctuations of the temperature of the soils with the various 
amounts of organic matter did not vary greatly among themselves with- 
in the same day or month, but they varied with peat. It will be seen’ 
that the differences between the amplitudes of the former soils in the 
upper 5 inches varied about 2° F. the most after the month of April, 
but the differences between these fluctuations and those of peat were 
comparatively very large, ranging in the month of June for instance, 
12.72° F. between the peat and the soil with 3.82% organic matter. 

In the 18 inch depth the amplitudes tended to increase with the de- 
crease in organic matter. The variations among the different soils, 
including the peat, ran in about the same order of magnitude as in 
the upper depth. 

The highest daily amplitude for ie 5 inch depth occurred on April 
30, and the highest monthly occurred in June for both depths. June 
is followed in order by May, July, August, September, April, Octo- 
ber, November, and December. 
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TABLE 70.—SEASONAL AND YEARLY AVERAGE TEMPERATURES OF THE SOIL WITH DIFFERENT 
AMOUNT OF ORGANIC MATTER 


Season. 


2.09% 
Org, Mat. 


5” ish 


eo Bogan ceded 69.77 | 66.33 | 71.72 | 66.96 
Autumn: 
September......... 65.69 | 64.93 | 66.96 | 65.57 
Wetobeta. coke. -. 49.93 | 51.37 | 50.85 | 52.04 
November......... 38.72 | 41.60 | 39.58 | 42.80 
IANO otestrs cicicta,aterts 51.45 | 52.63 | 52.46 | 53.47 
Winter: 
December......... 31.81 | 35.42 | 32.87 | 36.50 
January—1913..... 30.68 | 33.58 | 31.54 | 34.46 
ebmiacyscceence ia: 26.19 | 30.50 ; 26.88 | 31.52 
AVE Snide coisa sais 29.56 | 33.17 | 30.43 | 34.16 
Yearly average..... 48.52 | 48.20 | 49.87 | 48.95 


3.382% 
Org. Mat 


5” 


18” 


41.00 


5.47% 
Org. Mat. 


5" 


5" 


6.95% 
Org. Mat. 


18” 


Peat 
5” 18” 
30.06 | 31.42 
35.38 31.68 
54.93 | 49.04 
40.12 | 37.38 


67.13 | 71.90 | 66.81 | 71.99 | 67.91 68.49 | 66.28 

a aa ee a aaa 
65.68 | 66.96 | 65.50 | 66.61 | 65.53 | 65.80 | 65.81 
52.41 | 50.93 | 52.34 | 50.70 | 52.63 | 50.26 | 53.37 
43.34 | 39.92 | 43.46 | 39.97 | 43.63 | 40.45 | 44.67 
53.81 | 52.60 | 53.77 | 52.43 | 53.93 | 52.17 | 54.62 
37.00 | 33.25 | 37.00 | 33.43 | 37.17 | 34.18 | 38.13 
34.95 | 32.00 | 34.95 | 31.99 | 35.02 | 32.18 | 35.71 
31.93 | 27.53 | 31.73 | 27.48 | 31.99 | 28.66 | 33.23 

H | 

34.63 | 30.93 | 34.56 | 30.97 | 34.73 31.67 | 35.69 
49.14 | 50.01 | 49.05 | 49.87 | 49.16 | 48.11 | 48.49 
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TABLE 71.—SEASONAL AND YEARLY RANGE OF TEMPERATURES OF THE SOIL WITH DIFFERENT 
AMOUNT OF ORGANIC MATTER. 


| | 
1.81% 2.08% 3.32% | 5.47% 6.95% 
Org. Mat, Org. Mat. Org. Mat. Org. Mat. Org. Mat. Org. Mat. 
Season. re) ER Ef ee 
| | | 
5” 18” oe Ties 5” 18” 5” 18” 5” 18” 5” 18” 
| eas Aaeaed bal jee | | 

Spring: | | 
Marth: *322.283 As. 0.68 | 0.52 | 0.67} 0.56) 0.79 | 0.44] 0.66] 0.52} 0.57) 0.64) 0.72 0.48 
BAS Be isd x arshnta.s 5.2 1.60 | 9.85 | 1.89 | 10.338} 1.55 | 8.29} 0.93 | 7.03) 0.69 | 2.57 0.28 

ES omen Bee 11.59 | 2.38 | 13.40] 1.89 | 13.67] 1.56 | 12.40 | 1.15 } 11.36 | 0.92 | 3.07 0.96 
WANG os Score ae cto 5.83 1.50 | 7.93 1.28 8.26 1.18 | (al2 | 0.87 6.32 Le OR75 eee 0.57 
| | | 

=— | —_ } —— i; => pal ae 

S | | | | | 
ummer 
A fit Wane geet Oe 13.48 | 2.52 | 14.92 | 2.08 | 15.44 | 1.47 | 14.20 | 1.20 | 18.51 | 0.97) 2.71 0.33 
Ly ae ee eA 12:57 |) 2:29 |12.63 7 1:90 | 12268.) L250) 11.40) | -1.25' | 11.25 |) 2.1071 2:96 0.64 
An gnats cas. esos 10.77 | 2.15 | 12.07 | 1.85 | 12.384 | 1.49 | 11.29] 1.37 | 10.73 | 1.22 | 2.82 0.63 

Files et 
AB. cinco iaci-s% sai" 12.27 | 2.32 | 13.21 1.94 | 13.47 1.49 | 12.30 1.27 11.83 1.10 2.83 0.53 
—_ i ] - 

Autumn: | 
September......... 10.31 1.97 | 11.23 | 1.56 | 11.80 | 1.25 | 10.65 | 0.43} 9.80] 1.00} 2.55 0.58 
October... 25 Ss | 8.14] 2.04} 8.78} 1.63} 9.19} 1.53 | 7.99 | 1.18 | 7.51} 0.97] 2.41 0.60 
November......... | 3.81 | 1.25} 3.83} 0.95 | 3.78} 1.09] 3.31]; 0.99 | 3.01} 0.41; 1.06 0.50 

| | 
PNB Ie eiree sete oll 7.42 | 1.75 | 7.95 1.38 | 8.26 1.29 | 7.32 | 0.87] 6.77| 0.79] 2.01 0.56 
| 

Winter: l 
December......... 2.43 | 0.74] 2.08 | 0.6 1.91 | 0.57) 1.55} 0.59} 1.24} 0.56} 0.70 0.43 
January—1913..... 0.92 | 0.388 | 0.76| 0.36 | 0.66| 0.32] 0.64] 0.82] 0.62] 0.31 | 0.36 0.30 
Webruary. 2: 2....% 3.64} 0.81} 4.11 | 0.57 | 4.43 | 0.47] 3.88] 0.50] 4.04] 0.51 | 2.04 0.36 
BVO os oe so uecon ss 2.33 | 0.64 | 2.32 | 0.52) 2.33} 0.45] 2.02/ 0.47 1.97 | 0.46 1,03 0.36 
Yearly range....... | 6.96 1.55 | 7.85 1.28 | 8.08 1. 10 | 7.19 | 0.87 | 6.72 | 0.78 2.00 0.51 


Table 70 shows that the average temperature of all the soils was 
highest in summer and was followed in order by autumn, spring and 
lastly by winter. The temperature of all the different soils was some- 
what different at the various seasons, with the greatest variation occur- 
ring in the spring and the least in the winter. In the spring and sum- 
mer seasons the soil with 3.82% organic content exhibited the highest 
temperature at both depths, with the soils containing 2.08, 5.47, 6.95, 
1.81% and peat came next in order. In the fall season, with the excep- 
tion of the soil with 1.81% organic matter, the temperature was prac- 
tically the same for all the other soils. For the winter season the soil 
with 1.81% organic matter had the lowest temperature and the peat 
the highest, while the temperature of the soils with 2.08, 3.32, 5.47 and 
6.95% organic matter was intermediate and about the same for all of 
them. When the averages for the year are examined, it is found that 
the temperature of the soil with 1.81% organic matter and that of peat 
was almost the same but less than that of the soils with the intermedi- 
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ate percentages of organic matter; the temperature of these latter 
soils was also almost the same. 

From table 71 it is seen that the highest seasonal amplitude occurred 
in summer, then in autumn, spring and winter. The greatest variation 
in the amplitude of the different soils was shown in the spring and the 
least in winter. Throughout all the seasons the soil with 3.32% or- 
ganic matter exhibited the largest amplitude with the soils containing 
2.01, 5.47, 6.95, and 1.81% and peat followed in order. This order 
maintained itself also for the year. 


COMPARISON BETWEEN MONTHLY AVERAGE AND RANGE OF TEMPERATURE OF 
THE AIR AND THE SOILS. 


TABLE 72.—COMPARISON BETWEEN THE MONTHLY AVERAGE TEMPERATURES OF THE AIR AND 
OF THE SOIL WITH DIFFERENT AMOUNTS OF ORGANIC MATTER. 


March April May June July August 
Per cent Org Matter == F ~ — — 
ye! 18” Li 18” 5” 18” 5” 18” Be 18” 5f 18” 
| ! ——_ ; } | 
iL ee Se eae 29.97 | 31.03 | 42.04 | 37.82 | 57.89 | 53.15 | 67.93 | 63.02 | 72.85 | 69.58 | 68.52 | 66.40 
0111) (AE Ose Ieee | 30.55 | 31.44 | 43.64 | 38.27 | 60.45 | 53.86 | 70.24 | 63.80 | 74.55 | 70.03 | 70.36 67.04 
3.32% Niela cetetersisictereves 30.84 | 31.68 | 44.19 | 37.41 | 60.81 | 53.90 | 70.78 | 64.10 | 75.23 | 70.11 | 70.77 67.19 
ise AS Aen Sees ae 30.65 | 31.46 | 43.00 | 38.12 | 60.22 | 53.60 | 70.70 | 63.89 | 74.85 | 69.77 | 70.15 66.78 
(Ae eS ee ani 30.72 | 31.36 | 41.84 | 37.53 | 59.66 | 53.68 | 70.51 | 66.78 | 74.93 | 69.99 | 70.52 66.96 
Reaper etre tien as yan 30.06 | 31.42 | 35.38 | 31.68 | 54.93 | 49.04 | 64.12 | 62.88 | 72.81 | 69.41 | 68.55 | 66.55 
LT sop A ARR OB OCea aS 28.38 50.22 62.00 70.78 TOete 72.34 
September October November December January, 1913. | February. 


8 rr 


Per cent Org. Matter. 
52 18” Gy! 18” 6” 18” 5” 18” 5” 18” Hy 18” 


Ooi sctatets esses sie ats 65.69 | 64.93 | 49.93 | 51.37 | 38.72 | 41.60 | 31.81 | 35.42 | 30.68 | 33.58 | 26.19 | 30.50 
EOI teint oelne,-)- 66.96 | 65.57 | 50.85 | 52.04 | 39.58 | 42.80 | 32.87 | 36.50 | 31.54 | 34.46 | 26.88 | 31.52 
Beaiconnedeuagecne 67.15 | 65.68 | 50.11 | 52.41 | 39.68 | 43.34 | 32.99 | 37.00 | 31.75 | 34.95 | 27.10 | 31.93 
EAU pistes atere,iajete =i one 66.96 | 65.50 | 50.93 | 52.37 | 39.92 | 43.46 | 33.25 | 37.00 | 32.00 | 34.95 | 27.53 | 31.73 
GLO Yo weaer ha. ec 66.61 | 65.53 | 50.70 | 52.63 | 39.97 | 43.63 | 33.43 | 37.17 | 31.99 | 35.02 | 27.48 | 31.99 
Peatincatsehcniae eens 65.80 | 65.81 | 50.26 | 53.37 | 40.45 | 44.67 | 34.18 | 38.13 | 32.18 | 35.71 ; 28.66 | 33.23 
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TABLE 73 —COMPARISON BETWEEN MONTHLY RANGE OF TEMPERATURE OF THE AIR AND OF THE 


Per cent Org. Matter 


Per cent Org. Matter 


delle eels 
SSERSS 


April 


31.12 


31.57 


May 


~1 
Sakae 


19.91 


SOIL WITH DIFFERENT AMOUNTS OF ORGANIC MATTER. 


—i— i 
Ocoee oro 
bo Orc? © 


| January, 1913 


5” 18” 


15.41 


5” 18” 

| 12.57 | 2.29 
12.63 | 1.90 
12.63 | 1.51 
11.40 | 1.25 
11.25 | 1.10 
2.96 | 0.64 

36.98 


August 
5” 18” 
10.77 | 2.15 
12.07 1.85 
12.34 1.49 
11.29 1.37 
10.73 1.22 
2.82 0.63 
34.18 
February 
5? 18” 
3.64 0.81 
4.11 0.57 
4.43 0.47 
3.88 0.50 
4.04 0.51 
2.04 0.36 
15.75 


The foregoing two tables show that the average air temperature was 
above the soil temperature of all depths from April to December inclu- 
Sive, and below it during the months of January, February, and March. 
While the range of the air temperature was far greater than that of 
the soils and was above that of the latter throughout the year. 
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TEMPERATURE OF CULTIVATED, UNCULTIVATED, AND SOD 
LAND. 


OBJECT AND METHOD OF EXPERIMENTATION. 


The object of this research was to study the temperature of land un- 
der cultivated, uncultivated, and sod conditions. A few workers have 
already made casual observations on this line of study but no one has 
conducted a very thorough and extensive investigation. It was to sup- 
ply the latter need that this experiment was undertaken. 

The experiment was commenced in November, 1911, and the tempera- 
ture of the soil under the above treatments was measured at two dif- 
ferent depths, 7 and 20 inches respectively, by means of soil thermo- 
graphs which were procured from Friez, Baltimore, Maryland. There 
were four thermographs, two of which were double and two single. 
The former were made by special order and had two soil bulbs instead 
of one. One of the single soil thermographs registered the air tem- 
perature also. 

The ideal way to study soil temperature, in order to get the absolute 
maximum and minimum, would be by means of such instruments as - 
these if they were accurate and dependable. Unfortunately, they do 
not always possess these qualities. On account of the large mass of 
liquid in the bulbs, they are slow to respond to variations of tempera- 
ture; the pen is too thick, and hence, the line is too heavy for accurate 
readings. Again, the setting of the recording sheets around the clock 
is not always exactly the same for the different times. The most seri- 
ous defect, however, is that the standardization is only relative, not 
absolute, and if a small change takes place, the experimentor may not 
detect it. Furthermore, the bulbs may leak and in such a case the 
records are worthless. This unfortunate occurrence happened twice in 
the present work, and hence, has broken the continuous records. The 
bulbs at the depth of 20 inches of the uncultivated and sod plots 
began to leak in January and the records of this depth of both plots 
were lost from this time on till May when the defective bulbs were 
repaired. Since the thermographs of both plots were double, the bulbs 
of the upper 7 inches also had to be removed in order to repair those 
at the lower depth, and hence, the records of the upper depths were 
also lost during the month of April, after the thawing had taken place. 
On the whole, however, these instruments gave quite satisfactory results. 

In order not to disturb the natural condition of the ground the bulbs 
were placed in the following manner: Small trenches were dug in the 
ground 20 inches deep, 6 inches wide and 20 inches long. At one end 
of these trenches wooden rods of the same diameter as the bulbs were 
bored into the soil horizontally at the proper depths. The rods were 
then taken out, the bulbs put in their place and the trench filled up 
with the excavated soil. In this manner the bulbs were kept under 
undisturbed ground and the records, therefore, may be considered to 
be of soils under natural conditions right from the start. 

The ground on which the plots were situated was very smooth and 
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slightly rolling. The soil consisted of a sandy loam. The ground had 
been under alfalfa sod for several years, and from the plots, which were 
to be left uncultivated and cultivated, the vegetation was removed 
long before the experiment was commenced. The plots were 20x15 feet 
and the bulbs were placed about 5 feet apart from each plot. The 
thermographs were located on top of posts 4 feet high. 

The uncultivated plot was kept free from weeds, while the cultivated 
plot was worked always immediately after a rain. The sod plot was 
mowed the first of May at the time when the bulbs were placed in the 
soil after they were repaired. From this time on the vegetation was 
never cut again. Throughout the growing season, the crop grew luxur- 
iantly and was very dense. 

On account of space, the data of this experiment cannot be presented 
as fully and as detailed as in the preceding experiments. In the fol- 
lowing tables, therefore, is not shown the daily temperature but only 
the -monthly. 


MONTHLY AVERAGE TEMPERATURE. 
TABLE 74—AVERAGE MONTHLY TEMPERATURE OF UNCULTIVATED, CULTIVATED, AND SOD LAND. 


] 
Uncultivated | Cultivated Sod 


| 
| 
Name of month =| - — 
(lh 20” it Pe Vd Re | aie? (ol 20” 
PGREMDCR as Sac cee ees eek Las ees oe oe rae. | 34.5°F | 36.62°F| 34.84°F] 35.94°F} 34.38°F|] 37.07°F 
JaMtiary tect seca tease neh eee tec wees eee ee ee SS ee ore eee 27219) Mi. 23092 17 nal Se Oe 
EDLURLY Ice coc ot ee oe eases Vara ancen cance OO 1S Pa Scat seae 29.42 | 30.06 30:07, lcs eee 
RYDE ee Seren eclogite nahn ae davon oki lactones Ole Slee le recom 30.60 | 30.67 SOcSE. | |e dttaeenteeel 
| 
Armrest Aste w tone sguintats Peas wate Coens eae al AOA WSS ha eee 39.63 37.10 41935) Fennec 
ARS caster teioes preteens o cneu ebro nates Satie tcalll Ae ceirerbiaall vateatectaaies BALI © | vS0°8S |= dec na ce lee eres 
UCT a Sev giRks De Ste Sen UE OI Digs spied = tae ah as eM | 65.25 62.00 64.4 | 60.64 61.97 || aca 
Dilys erhe ct ec Chet yee ee ae 2? | 71.09 66.94 | 70.04 66.61 65.55 64.0 
| 
ATID USE. © Pucks oe oo nd angle ne ceed hice ate eee 66.60 63.80 66.24 | 63.75 63.39 63.74 
Sepremberss s.. 4 465 «ooh eerie c ce oe rear 63.48 61.90 62.80 61.84 59.60 61.40 
IG Dare ale ne oe ete Eien oe 50.24 | 50.89 50.46 50.90 48 .46 52.43 
Novempers Are). eee eras i le. Ate § bese ay 39.77 | 41.20 | 39.50 41.27 39.85 45.07 


It will be seen that in December all the plots at the depth of 7 inches 
had practically the same temperature. In January, the coldest month 
of the year, the sod plot was about 1.5 F. warmer than the other two 
plots, while the latter had nearly the same temperature. In the months 
of February and March the temperature of all the soils was almost 
the same with a small difference in favor of the uncultivated plot. In 
April the uncultivated plot had the highest temperature and was fol- 
lowed by the sod and finally by the cultivated. During the months of 
June, July, August, and September, the uncultivated plot was the warm- 
est, the sod the coldest, while the cultivated was intermediate. The 
difference between the cultivated and uncultivated plots was not very 
great, the highest variation occurred in July (1.05° F.), followed by 
June (.85°), September (68°) and August (.364°). The amplitude 
between the sod and either of the bare plots was quite marked, ranged 
in July as much as about 5° F. After October the order of warmth of 
these plots changed somewhat. The sod which since May had the lowest 
temperature had now the highest, with the uncultivated and cultivated 
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plots next in order. The latter two soils had practically the same temper- 
ature, the difference in favor of the uncultivated plot was very slight. 

The daily records, which are not shown in the above table, show that 
the lowest fall in temperature occurred on January 7 when the average 
temperature of the different soils at the 7 inch depth was as follows: 
cultivated 24.55°, uncultivated 22.0°. and sod 27.85°, while the highest 
average temperature took place on July 9 with the following results: 
7 inch cultivated 76.00°, uncultivated 77.80°, sod 69.45°; 20 inch eulti- 
vated 69.0°, uncultivated 69.31°, sod 65.25°. 

The first freezing occurred on December 28th. On this day the culti- 
vated and uncultivated plots at the 7 inch depth froze at the same 
time, while the sod plot froze 7 days later (January 5). The first thaw- 
ing took place on April 5th when both the uncultivated and the sod 
plots thawed at the same time. The other plot thawed about a day later. 

In the second winter (1912-13) the different plots froze at the upper 
depth as follows: cultivated December 11th, uncultivated December 
11th, sod December 13th. At the 20 inch depth the uncultivated froze 
Jan. 20th, cultivated Jan. 22, and sod did not freeze at all. Throughout 
this winter the sod plot maintained the highest temperature at both 
depths, the temperature of the other two plots was about he same. The 
results of the second winter, therefore, are in agreement with those of 
the first winter, the only difference being that in the second winter the 
effect of the vegetation in keeping the soil warm was more pronounced. 
due undoubtedly to the greater abundance and greater thickness of the 
laver of vegetation. 

The foregoing data show, then, that the conditions of cultivation, 
non-cultivation, and sod have a very distinct influence unon soil temper- 
ature. Especially interesting is the influence of vegetation. It was ob- 
served in the first spring that the sod plot thawed at the same rate 
as the bare and uncultivated plot, and that its temperature rose immedi- 
ately several degrees above that of the latter and remained so for the 
next 10 davs when the plants began to grow, and then its temperature 
dropped back and staved much lower than the temperature of both 
bare plots until Sentember 25th. From this date on the temperature of 
the other two plots fell below that of the sod plot and remained so 
throughout the second winter and up to the middle of the second spring. 

The cooling and warming effect of the cover crop in both the warmer 
and colder seasons of the year is self evident. In summer time the 
growing crop keps the soil temperature low for the following reasons: 
(1) Practically all the sun rays are intercepted bv the growing vegeta- 
tion so that the ground surface is nearly all shaded, and its temperature 
rise is dependent upon the wind currents and convections; (2) the air 
temperature around the plants and at the surface of the ground is low 
on account of the great amount of transpiration and evaporation that 
takes place. The process of evaporation has a most tremendous influ- 
ence upon the diminution of temperature. The amount of transpiration 
by plants is not inconsiderable. Mulham makes the statement that 
areas covered with vegetation under the same conditions evaporate 
about one-third more water than a free water surface. 

In the cold part of the year, the decayed and partially decayed vege- 
tation acts as a blanket over the surface soil: This blanket performs 
several functions, chief of which are: First, and most important, the 
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prevention of the cold currents of air from coming in contact with the 
surface soil and thereby cooling it; second, the layer of dead vegetation, 
and especially when it is quite thick, is porous and the spaces are filled 
with air. This air being a very poor conductor of heat, does not trans- 
mit very rapidly the heat of the soil to the air above, and as a result 
the soil loses its heat less rapidly than if it were unprotected. Even 
in the summer time, the vegetation, though it is growing, acts as a 
blanket, and prevents the loss of heat, as evidenced by the very unappre- 
ciable variation that exists between the daily maximum and minimum 
temperature. 

That the vegetation acts as a blanket and tends to prevent the loss 
of heat from the soil was confirmed also by the following experiment: 
A plot was covered with straw, and its fall of temperature was com- 
pared with that of a plot which remained unprotected. The results 
show that the uncovered soil freze at the depth of 7 inches on Decem- 
ber 11, while that covered with straw froze on February 14th. On 
certain very cold nights the ground covered with straw remained as 
much as 10° F. warmer than the unprotected ground. 

What is true of the retarding effect of vegetation on the cooling of 
the soil in the fall and winter applies also to its warming in the spring. 
If the ground has a very thick layer of dead vegetation the slow rate 
of warming will be evident. This does not necessarily mean, however, 
that the soil will have a low daily average temperature because, while 
the vegetation, which acts as a blanket, will prohibit a very high rise of 
temperature during the day it will equally prevent a very low fall of 
temperature during the night, and since the trend of the temperature is 
upward, the sod land or the land covered with straw will have a higher. 
temperature during the early spring, especially during rapid alternation 
of cold and warm days, than a bare and uncultivated soil, which on 
account of its condition, permits greater and more nearly proportional 
extremes of temperature. These facts find confirmation in the present 
experiment. In the first spring the sod and uncultivated plots thawed 
on the same day and the temperature of the former plot rose several 
degrees higher than that of the latter, and also of the cultivated plot, 
within the next few days, as has already been shown. Unfortunately the 
thermographs were removed at this time (April) for repairs and conse- 
quently it cannot be stated how long the temperature of the sod land 
would have continued to be higher than that of the other plots and 
especially of the uncultivated plot. The uninterrupted records of the 
second spring, however, supply the data for this point and show that 
the temperature of the sod plot remained above that of the other plots 
until the beginning of May, when the vegetation had grown consider- 
ably. The second spring’s results also show that the sod plot thawed 
about the same time as the other plots and that its temperature rose 
above that of the latter. Its average increase of temperature over the 
cultivated plot was 1.82° F. and over the uncultivated plot 2.34° F., for 
the month of April. Evidently the results of the second spring agree 
very well with those of the preceding spring. 

The interesting question that suggests itself in ronmceeen with the 
temperature of soils thickly covered with crops is whether the plants 
themselves conduct heat into the soil, since the temperature of the latter 
is far below that of the air. 
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No positive statement can be made on either side of this question be- 
cause there is no experimental data on record. Arguing theoretically, 
however, it would seem that the soil receives no heat or only a very 
unappreciable amount in this manner; first, because the plants them- 
selves are poor conductors of heat; and second, on account of the fact 
that there is a tremendous amount of evaporation or transpiration go- 
ing on from the surface of the plants. Since this evaporation tends to 
lower the surrounding temperature very markedly, the air temperature 
around and between the plants may not be very high or but little higher 
than that of the soil. Nor would it seem likely that in the cold period 
of the year or during the night the plants would be effective in appre- 
ciably cooling the soil by mere conduction. 

The difference in temperature between the cultivated, and uncultivated 
plots is very interesting and needs special notice. This difference in 
temperature is more complex than it is commonly thought, and our 
present knowledge and interpretation of it are very incomplete and 
somewhat faulty. The common belief is that the uncultivated soil is 
always warmer than the cultivated during the warm part of the year. 
The reason given for this is that the former soil being a good conductor 
of heat on account of its compact condition, allows “the “heat to travel 
through it faster and to greater depths. This heat during the night 
recedes from the lower strata to the surface and keeps the upper layers 
warm, while the cultivated soil, on account of its loose state, is a poor 
heat propagator, and allows the heat to penetrate downward very slowly 
and only to a shallow depth. This soil, therefore, during the day will 
become very hot on the top or upper depth and during the night very 
cold. 

The results which have been obtained in the last two years do not 
bear out these beliefs entirely. In the first place, the uncultivated soil 
is not always warmer than the cultivated during the warm part of the 
year, but only during certain seasons or times of this part of the year, 
and under certain conditions; and in the second place, the explanation 
given for the existing or observed difference in temperature between 
these two differently managed soils is neither complete, nor entirely 
correct. 

The results obtained show that immediately after thawing in the 
spring the average daily temperature of the cultivated soil 7 inches 
deep, rose gradually above that of the uncultivated and continued to 
remain in excess until about the middle of May, and then the order 
was reversed. The average temperature of the cultivated plot for the 
month of April, in the spring of 1913, was 0.52° F. higher than that 
of the uncultivated. The records. for the same month for the spring 
of 1912 are not so complete but those that are available tend to con- 
firm the above general order. The uncultivated soil absorbed a greater 
amount of heat during the day time than the cultivated but also lost 
a correspondingly greater quantity of heat during the night than the 
latter soil. The gain and loss in heat in the uncultivated | soil appears 
to be more nearly proportional than in the cultivated soil. The average 
maximum and minimum temperature for the month of April. was for 
the uncultivated soil 47.81° and 41.80° F. and for the cultivated 47.47° 
and 438.17° F., respectively. The rise of temperature in the cultivated 
ground was starting in the morning, therefor, at a higher point, some- 
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times more than 3° F. higher, than in the uncultivated, so that the latter 
soil had to gain almost twice the amount of heat in order that its aver- 
age or even its maximum temperature might equal that of the former. 
What brought about this gradual gain in heat in the cultivated soil 
will be explained subsequently. During all this time, however, that the 
temperature of the upper depth of the cultivated soil was higher than 
that of the uncultivated, the temperature of the lower depth or 20 
inches of both soils was practically the same. As soon, however, as the 
temperature of the lower depth of the undisturbed soil began to rise 
higher than that of the disturbed, the temperature of the upper depth 
of the former also began to rise higher than that of the latter, and con- 
tinued to be higher until about October. This is a strong indication 
that the temperature of the lower depths influences somewhat that of 
the upper depth, and it is probably this factor which causes the unculti- 
vated soil, at the upper depth, to have a higher temperature than the 
cultivated soil, at the same depth, during the warmest part of the year. 

The foregoing description of the behavior of the temperature of the 
cultivated and uncultivated soils, shows, therefore, that the uncultivated 
or compact soil is not always the warmer of the two, in the warm part 
of the year, as is commonly believed, but only during the warmest part 
of the year, and perhaps under certain conditions during the other 
warm seasons. The question now is what factor or factors bring about 
or cause this difference in temperature. The possible explanations may 
be found in the following general facts: When a soil is cultivated the 
area of its surface exposed is by far greater than that of a compacted 
or undisturbed soil, and of necessity the amount of evaporation in the 
former is greater than in the latter. As a result of this difference in 
evaporation the temperature of the cultivated soil does not rise, at the 
beginning, as high as that in the uncultivated. As soon, however, as a 
dry mulch is formed on the disturbed soil its loss of moisture by evap- 
oration is reduced considerably, while the loss in the undisturbed soil is 
still large and consequently its rise of temperature is small. On the 
other hand, the heat that is not expended in the evaporation of water 
is rapidly conducted downward in the case of the uncultivated soil, 
while in the case of the cultivated soil only part of the heat is conducted 
downward the other part is radiated back to the atmosphere by the dry 
mulch at the top. This dry mulch forms a very poor and imperfect con- 
tact with the moist soi] below and as a result acts as a blanket, analo- 
gous to a growing crop or a cover of straw, and does not impart all its 
heat to the soil below. When this mulch becomes completely dry it 
gets very hot during the sun insolation, in fact hotter than the air above, 
and a large amount of this excessive lieat is radiated back to the atmos- 
phere. This fact was proved by the following series of experiments: The 
bulbs of mercury thermometers were placed one inch above the surface 
of both the cultivated and uncultivated soils and it was found that the 
thermometer over the cultivated soil registered at certain days from 9 to 
18° F. higher than that placed over the uncultivated soil. In another ex- 
periment the bulbs of the thermometers were placed horizontally over the 
surface of both soils and it was found also in this case that the surface 
of the cultivated soil was about 10° F. warmer than that of the uncul- 
tivated soil. In still another experiment the bulbs were simply covered 
with the very top surface material from both plots and the results ob- 
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tained were in the same order and degree of magnitude as the foregoing. 
All these results go to show, therefore, that a large amount of heat which 
is received by the surface of the cultivated soil is radiated back to the 
atmosphere, which accounts for its small rise of temperature during 
the day. The objection may be raised, however, that the greater temper- 
ature on and above the surface of the cultivated over the uncultivated 
soil, was probably due to the greater amount of evaporation of water 
in the latter. This is partly correct, and especially when the soils are 
very moist and the capilary action is very active, but the same results 
were obtained when the soils had practically the same percent of mois- 
ture. 

The foregoing explanation concerning the difference in temperature 
between the cultivated and uncultivated soil is further confirmed by the 
following experiment. Wooden boxes, 12 inches square and 2 inches 
high, were filled with moist quartz sand. In one series the sand was well 
compacted and in another it was cultivated. These two series of sands 
were then placed outdoors during very hot days and their temperature 
was recorded every 15 or 30 minutes from morning till evening for two 
succeeding days. The results obtained are shown in the following table: 


TABLE 75— TEMPERATURE BETWEEN CULTIVATED AND UNCULTIVATED SAND —FIRST DAY. 


Time 9:00a.m.| 9:15 9:30 9:45 10:00 10:15 10:30 10:45 
Pilevatede shoes. ten. 53.8 55.4 56.7 57.2 59.3 61.0| 62.5 64.0 
Uncultivated............... 54.2 56.5 57.9 59.8 61. 63. 64.4 65.6 
! 
Time 11:00 11:30 12:15 | 12:30 12:45 1:00 1:30 2:00 
Gultivated. as. .:.oc0ce s+ 65.8 66.8 69.8 70.6 wee 71.8 73.0 73.5 
Uncultivated...............1 67.4 67.8 70.4 70.8 71.3 71.6 71.7 | 71.7 
| 
Time 2:30 2:45 3:00 3:15 3:30 3:45 | 400 | 4:15 
| 
Giltsyated | o.oo ca cen 74.0 74.9 73.7 73.6 72.8 W0ul wth e 70.2 
Uncultivated............+.. 71.0 71.0 70.4 69.8 68.7 67.8| 66.8 | 65.9 
Time 4:30 4:45 5:00 5:15 5:30 5:45 6:00 6:15 
Giltivateds. #.2 esas 69.4 68.4 67.7 66.6 65.8 64.8 63.8 62.6 
Uncultivated.............. 65.0 64.0 63.0 62.2 61.2 60.3 59.5 58.2 
| 
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SECOND DAY 
1 4 Papa | | | 
Time | 7:00 a. m. | 7:15 | 7:30 | 7:45 | 8:00 8:15 | 8:30 8:45 | 9:00 
‘atid leer dl 2a ek alae L (las eie eR ete ell 
Cultivated....... | 50.2 52.2 54.2) 56.0 | 58.0 60.0} 61.8]  63.5| 65.2 
| 1 | | } 
Uncultivated..... B14} 53.8) 56.2) 58.3) 60.7 63.1} 65.2) 67.4 69.6 
(7 ore _———_—__———— —) 
Time | 9:15 9:30 | 9:45 | 10:00 10:15 10:30 | 14:45 | 11:00 11:15 
SSS GIners ESE | 
Cultivated....... 66.6} 68.0] 69.7] 71.0! 72.2 73.4 74.7 76.0 76.0 
| | | 
Uncultivated.... 71.4 7220 b= thf 76.6 | 78.0 79.4 80.8 82.2 82.2 
| | | | | 
= aaa ————————— } ——<—— | 
Time | 11:30 12:00 12:30 | 1:00 | 1:30 | 2:00 7:00 | 7:30 8:00 
| 
| | 
Cultivated....... | 77.4 78.4 | 80.4 81.8 82.8| 83.1 52.3 52.2 52.2 
Uncultivated..... 83.6 84.6 | 86.4 87.6 88.6 86.6 48.8 48.7 48.7 


This table bears out the foregoing explanation perfectly. It will be 
seen that af the beginning of the experiment the temperature of the cul- 
tivated sand did not rise as fast as that of the uncultivated. This was 
due to the large amount of evaporation in the case of the cultivated 
sand, partly on account of its greater area exposed and partly because 
more heat was accumulating at the surface; and to a less amount of 
evaporation and to a small quantity of heat accumulating at the sur- 
face, in the case of the uncultivated sand. By 1.00 o’clock, however, the 
temperature of the cultivated sand attained the same degree of magni- 
tude as the other sand. From that time on the results were reversed, 
the cultivated sand attained and continued to have a higher temperature 
than the uncultivated. This is explained on the basis that as soon as 
the mulch was formed on the surface of the cultivated sand the evapora- 
tion was considerably cut down, while in the uncultivated sand it was 
still large. The amount of heat that was expended in evaporating the 
moisture of the uncultivated sand was apparently larger than that radi- 
ated back to the air by the dry mulch of the cultivated sand. On the 
second day the results were again reversed, the cultivated sand which 
in the latter part of the previous day had the highest temperature of 
the two sands, had now the lowest. This is again explained on the basis 
of the moisture content and of the effect of the dry mulch. The uncul- 
tivated sand lost most of its moisture in the previous day during the 
time that its temperature remained below that of the cultivated, while 
the latter lost less except at the beginning of the experiment. The result 
was that the uncultivated sand was losing now a less amount of heat 
by evaporation and consequently utilizing more of the air temperature 
for the raising of its own temperature, while the cultivated sand had 
still some moisture below the dry mulch and on account of the slow but 
continuous evaporation of this moisture, and also on account of the 
large amount of heat received being radiated back to the atmosphere by 
the dry mulch, this sand, therefore, was now utilizing a less amount of 
heat for the raising of its own temperature, and consequently its tem- 
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perature was below that of the uncultivated sand. The moisture content 
of these series of sands was determined at the beginning and at the 
end of the experiment and it was found to be as follows: Initial percent 
moisture of both sands 8%; at end of experiment, cultivated sand 1.4%, 
uncultivated sand 1.30%. The cultivated sand would show a greater 
moisture content if the dry mulch had been excluded from both series of 
sands. 

The dry mulch does not only prevent the soil from attaining a high 
temperature during the day but also prevents the soil from attaining a 
low temperature during the night. Its effect here is threefold: (1) it 
acts as a blanket and greatly reduces the rapid loss of heat; (2) it 
reduces the loss of heat by cutting down the radiation, as it has already 
been shown; and (3) it tends to conserve moisture in the lower strata 
and thereby increases the specific heat of the soil and consequently re- 
duces the rate of cooling. It is partly on account of these effects, there- 
fore, that the cultivated soil seems to be accumulating more heat during 
the early spring than the uncultivated soil, and to cool less rapidly 
during a severe cold weather. 

The effectiveness of the dry mulch to conserve moisture is shown in 
the following table. This table contains the percent moisture content 
of all the different plots as determined during the different periods. 


TABLE 76.—PERCENT MOISTURE_OF THE DIFFERENT PLOTS. 


| 
Date: Unculti- Culti- Sod 7” 


vated 7” | vated 7” 
BURSA ee Ee npc kote oa rake Yet ns hos Tua e iste NTE aco itin Tet oat womb t eat ane Bic ante ohn eres 21.52 23.61 17.37 
BEd] Mahe Cite yceric niece sists e es bce Als hararSere iors ean aed aembe claieeie belle AMIE nicked o apteaelne siete 11.53 13.85 12.02 
Rentem bem reree erase eet RUE ee) Eerie ete be SYS Ee SHAT Is 14.56 | 15.47 10.83 
Tail otsre # aR eS aa Ee a ae ae ie cee ene 8 eae ce ie ee eee a en ea ge 13.81 13.82 13.97 


That the better heat conducting power of the uncultivated or compact 
soil over the cultivated or loose soil is not the greatest factor which 
causes the difference in temperature between these soils is further proved 
by the fact that the temperature begins to rise at the depth of 7 inches 
in the cultivated soil only about half an hour later, as has already been 
shown, than it does in the uncultivated soil. This is a strong evidence, 
that the loose soil below the dry mulch is not so poor a heat propagator 
as is commonly believed, and that it is not the main cause of the differ- 
ence in temperature between these differently managed soils. 

Summarizing the foregoing data, then, it has been seen that the un- 
cultivated soil does not always have a higher temperature than the cul- 
tivated soil, during the warm part of the year, but only at the warmest 
part of this period and especially when the temperature of its lower 
depths is much higher than that of the corresponding depths on the cul- 
‘tivated soil, and that the factors which bring about the difference in 
temperature on these soils at the upper depths are (1) the dry mulch 
on the cultivated soil, (2) different rates of evaporation, (8) the differ- 
ent rate of heat propagation and (4) the higher temperature at the 
lower depths of the uncultivated over the cultivated soil. 
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MONTHLY RANGE OF TEMPERATURE. 
TABLE 77.—MONTHLY RANGES OF TEMPERATURE OF THE UNCULTIVATED, CULTIVATED AND SOD PLOTS. 


| Uncultivated. Cultivated. Sod. 
Name of month. — — -— 

| |r fe regency gor 7 20” 
ae jus | 

| | 
POORER fo htoware sk mncare cts Ss ory cieseibtans. ci) 4A siete rls 87 35 49 .35 79 28 
Janualys ose eke oh eee eee 1 Ce eed 8 ee 1.09 18 46 17 
RBDTUAL Vis os tate cen nator cadens aie sip tis. cnaiets comet eee SLp ls Steickishins 35 38 5 eres 4 
March eS ep caeer tec hik< dacs Me Tet 51. eee .51 | 614:  soeBbr | see 
PAVIRI EE ole ep incictcacins ak zaaw ereee = sit ee AAG OORT GedO nos casent 3.28 1.04 4.82 occa 
EN ee a ool eine TS Ses yt) MAAR (MN ea ed errs tar ee, Sty ee [ee cisions epetereilici< area: lace as eat 
PUING ores wha hiety ww Bete bis © eis ws patos asees als Bahn aches SR 6.76 8 5.40 | = BORA 2.60) Ucce meee 
DD edocs tata as soddcatis Beet teas nee chert eh 6.97 | 1.06 | 4.42 67 | 1.47 02 
Rit eof cl Poteet Reet halo | 5.29 | 90} 3.83 58 1.13 | 52 
Wepteniber Gtk ie. cake ee aed wee bide. Mer atenceetas 8 | 5.70 1.10 4.60 1.10 1.03 47 
CREO eciste's cee aca.s Sletoacefore cet cioio ca ane acs cto atelier 4.74 | 1.19 3.58 1.06 1.06 84 
Novemberin. che ateatec te Nes coma a nin ota Soteaes ¢ 2.40 | 94 2.13 1.00 | 84 57 

| | 


The foregoing table contains the monthly ranges between the maxima 
and minima temperature of the three different plots for the different 
months. It will be seen that the amplitude of the upper 7 inches of 
every plot increased from the winter months up to a certain time in 
the warm part of the year and then decreased. The maximum monthly 
amplitude that was reached was at different times for the various plots. 
For the cultivated it was in June, for the uncultivated July, and for 
the sod April. With the exception of the last month the variation be- 
tween the highest and lowest temperature was greatest for the unculti- 
vated, smallest for the sod and medium for the cultivated. The ampli- 
tude of the sod was very small indeed in comparison with that of the 
other plots. 

The amplitude of the 18 inch depth is not as complete as that of the 
7 inch depth but for those months that there are records for show that 
the magnitude was far below that of the upper depth, that it was great- 
est for the uncultivated, followed in order by the cultivated and finally 
by sod, and that the variation from month to month was not anywhere 
near as great, for any plot, as it was in the upper depth. 
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COMPARISON BETWEEN MONTHLY AVERAGE TEMPERATURE OF THE AIR AND 
OF THE DIFFERENT PLOTS. 


TABLE 78.—COMPARISON BETWEEN MONTHLY AVERAGE TEMPERATURE OF THE AIR AND OF THE DIF- 
FERENT PLOT. 


December. January. February. March, April, May. 
Soils, — - — — ———————— 
| | 
if 20” ie | 20” Ute 20” ® fol 20” (h4 20” Te SOO 
| | | | 
Uncultivated......... Te - OONSGZO2N Teeth kie aces Os Teatal eis eps tee ts Glial lepetedcaters O71 SAR (er arerprae [leasesaiotens 
Cultivated, sos. 25.0: : 34.84 | 35.94 | 27.79 | 30.92 | 29.42 | 30.06 | 30.60 | 30.67 | 39.63) 37.10 | 54.12 | 50.88 | 
Sa)? alae SAE Cas Seon vote Ode hieo. aan lavas oe SOAPS | Rn = BONS Tee 41.93| Ne apeione seers 
ee | 
De ER es BDO Ace he 1OiBOshiexte = TAGs aes Briar elles 3 BOUT Sodas cs LBL Jeo 
| 
June. July. * August. September. October. November. 
Soils. _— =m] ne 
| | 
7" | 20” q" 20” 7" 20” 7" 20” 7* 20” fad | 20” 
| | | | 
Uncultivated.........| 65.25 | 62.00 | 71.09 | 66.94 | 66.60 | 63.80 | 63.48 | 61.90 | 50.24 | 50.89 | 39.77 | 41.20 
@ultivated: < jac... 64.40 | 60.64 | 70 04 | 66.61 | 66.24 | 63.75 | 62.80 | 61.84 | 50.46 | 50.90 | 39.50 41.27 
Sotlagech er hie sara: (VES El Se eee | 65.55 | 64.00 | 63.39 | 63.74 | 59.60 | 61.40 | 48.46 | 52.43 | 39.85 45.07 
AE ets lela ins ¢ aio Taleo 0 CUE lee goa (ijara ls share (PET popes G8 cOSsltsee cers Da OOM hanes cee [eS ote Se 


The air temperature was above that of all the plots from April to 
December. The difference between the two classes of temperatures 
among the different plots varied in the different months. 
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EFFECT OF SOLUBLE SALTS ON THE RISING AND LOWERING . 
OF TEMPERATURE OF SOILS. 


OBJECT AND METHOD OF EXPERIMENTATION. 


Solutions possess many physical properties which have a very decided 
influence on temperature. Solutions of greater densities possess a lower 
freezing point, a higher boiling point, a lower vapor pressure, a higher 
surface tension and a higher viscosity, than solutions of lower concen- 
tration. All these properties vary with the composition of the solution 
and influence the rising and lowering of temperature either directly or 
indirectly. Soils, therefore, with different densities of solution will have 
different rising and lowering of temperature. Rising and lowering are 
employed here as general terms and are intended to include the rate 
of freezing, the degree of the lowering of the freezing point, the rate of 
thawing, the rate and degree of rising temperature, ete. 

In the literature of soil temperature no record is found on the effect 
of soluble salts on the rising of soil temperature, but there is one work 
reported on the other phase of this subject. This is by Ulrich,*® and it 
is on the influence of frosts on the temperature conditions of soils with 
different salt content. He conducted the investigation by mixing fine 
kaolin in cylinders with .05, 0.1 and 0.2 percent of Co(QH)., NaCl.. 
NaNo,, and some other salts and subjected the mixtures to temperatures 
varying from 0 to -10° C. The results show, in general, that the tem- 
perature of freezing was lowered by the addition of salts, the greater 
the amount of salt present the greater the lowering of temperature. 
When the soil water froze the temperature of the soil rose at once to 
0° C., remained for a time at this point and then gradually fell under 
the influence of the low temperature. Certain salts, such as Ca (OH),, 
CdCl,, ete., retarded this fall of temperature, others such as KOH, etce., 
hastened it. 

In order to ascertain more positively, if possible, to what extent the 
cooling and warming of the soil is affected by the different soluble salts 
and what kind of salts have the greatest influence in either respect, the 
folowing experiments were undertaken. They consisted in placing 
equal amounts of quartz sand in wooden boxes, 12 inches square and 2 
inches high with bottoms and no top, and then placing this sand in the 
boxes out doors on a stand to study either the lowering or rising of 
temperature. The quartz sand in the different boxes was previously 
thoroughly moistened with different solutions of various concentrations. 
These densities varied from one-half to three times normal. Where 
direct comparison was desired, either between the different concentra- 
tions within the same salt or between different salts, the same amounts 
of solution were added to equal weights of quartz sand. The study of 
the rising of temperature was conducted during clear hot days in sum- 
mer, and that of the lowering of temperature was carried on during 


~ 18 Forsch. a. d, G. a, Agrik. Phy. II : 218 — 229, 1897. 
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cold evenings in the winter. In the former case, the temperatures were 
read on Centigrade thermometers reading from 0 to 110° and graduated 
to 0.1°, while in the latter case Fahrenheit thermometers were em- 
ployed, especially constructed for the purpose which read from -32 to 
+100° and were graduated to 0.2°. 

The data obtained for both studies are contained in the following 
pages. The results of the rising of temperature will be presented first. 


RISING OF TEMPERATURE. 


Experiment 1. This was a preliminary experiment. It consisted of 
studying the effect of KCL on the rise of temperature in comparison 
with that of water. The solution was prepared by dissolving three 
times the molecular weight of the salt in one liter of water. Then 2500, 
ee. of the solution as well as of water were added to portions of 6372 
grams of quartz sand. The duplicate boxes containing the moist sand 
were then placed in the sun and the temperature records were taken at 
various times. The results obtained are given herewith: 


TABLE 79.—EFFECT OF SALT SOLUTIONS ON THE RISE OF SOIL TEMPERATURE. 


Name of solution. 9:30 a.m. | 11:00a.m. | 1:00 p. m. | 4:00 p. m. | 9:00 p. m. 
| 
2 | | 
LIAO ae oo SESS ECan eRe Beaters een mere tn 21 .00°C 24.43°C 28 68°C! 23 .40°C} 43°C 


ING) 9) Sols Qe tin Ciera ae ea So 21.55 27.04 30.88 | 24.08 17.70 


It will be seen that at the beginning the temperature of both H,O 
and KCL treated sand is practically the same, but that from then on the 
temperature of the KCL rises more rapidly than that of the water and 
at 1:00 P. M. when the maximum of both was reached, the difference 
is 2.20° C. in favor of the KCL treated sand. From that period on the 
temperature of both series falls and at 9:00 P. M. it is again about the 
same. 

Experiment 2. In this experiment NH,Cl, NaNo, and CaCl, were 
used. Their solutions were prepared by dissolving three times their nor- 
mal molecular weight in one liter of water. Exactly 450 ce. of each solu- 
tion was added to 5,770 grams of sand; the same number of cubic centi- 
meters of water being also added to an equal weight of sand for compari- 
son or as a standard. The moistened sand was then placed in the regu- 
lar boxes and the temperature rise was studied on a warm clear day. 
The following are the results of this experiment: 


TABLE 80.—EFFECT OF SOLUBLE SALTS ON THE RISE OF SOIL TEMPERATURE, 


Name of solution. | 9:00a.m. | 11:30a.m. | 1:30p.m. | 5:30 p.m. 
AO Meme rie eons etteseisigerarte aise wisisre woot 5 Sens viesinreieis isha bivie. 0 20.85°C 24.03°C| 22.90°C| 18.93°C 
INIIACH. 33.2. Gagan AGO BGOae HORA CUBS RCE Ee tt Tansee eres 21.90 26.86 26.93 | 20.70 
CAC isdn donee eSaonade Coleee to BONDS de nCes EBC tage Seemaroner 22.23 27.72 27.45 20.20 
INAINO Sse ccistieiseene scien seseise neces sects wcrc acoe es oectent.. 22.00 26.78 26.50 20.73 
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As in the foregoing experiment these figures show that at 1:30 P. M. 
when the maximum temperature was reached, the sand treated with the 
different salts was much warmer than that treated with water. The 
highest temperature attained was by CaCl, and followed respectively by 
NH,Cl, NaNo, and water. The amplitude between the CaCl, and water 
is 4.55°. 

Experiment 8. In this experiment K,HPO,, K,CO, and K,SO, were 
employed and as usual their solutions were prepared by dissolving three 
times their equivalent molecular weight in one liter of water, then 460 
cc. of each solution as well as of water were added to 6500 grams of 
sand. The temperature records were made in the manner already de- 
scribed and the following data were obtained: 


TABLE 81.—EFFECT OF SOLUBLE SALTS ON THE RISE OF SOIL TEMPERATURE. 


Name of solution. 8:45a.m. | 11:25 a. m. | 1:30 p. m. | 6:30 p. m. 
PUB ee coh eke tositaa tat cals Rica Depice eer ce on hale nine eels 23 ..40°C 25.10°C 27 .20°C 20.30°C 
Bem HP Og. 55:8 dec cee sates ick s toe ue Sa ee SE aN DED e cee ad 23.15 27.53 31.20 21.40 
CSR RAS AR mn VE, Mie pair oe ie ee | 23.13 32.08 35.25 | 22.93 
HES Oa deca aie oro e ancl Sl dole adits HER abe Salo Meee | 23.55 29.48 32.38 | 21.83 


This experiment gives more confirming evidence that the density of 
solution brings about a rising of temperature in soils. It is seen that 
at 1:30 P. M. the difference in temperature between pure water and 
K.CO, is 8.05° in favor of the latter. 

The difference observed in temperature between the last different salt 
solutions is partly due to unequal concentration because of different 
solubility of the salts. Only about half of the K,SO, and about three- 
fourths of the K,HPO, dissolved, while the whole amount of the K,CO, 
went into solution. 

Experiment 4. In the foregoing experiments different salts of the same 
density were used. In this experiment different densities of the same 
salt solution were tested. The salt used was NaCl in the proportion of 
0.0, 1, 2, and 8 times its normal molecular weight in one liter of water. 
Exactly 460 cc. of each solution were added to 6500 grams of sand. The 
temperature data obtained are given below: 


TABLE 82—EFFECT OF DIFFERENT DENSITIES OF SOLUTION ON THE RISE OF SOIL TEMPERATURE. 


Name of solution. | 9:00a m. | 11:15a.m. | 1:00p.m. | 2:30 p. m. 
a | 
5 Cp apa Ie ERR Cini! Petco aetindh Sesh say UGS | 49.738; 23.4 °C] ~—«-24.95°C| —s24. 75°C 
Ee. BE (5, Cla a Seared ree a een er baal ote) fms Lies | 19.13 25.8 | 27.63 27.13 
BMS HAING 2h $a eonacers diy hd pees ban oe Meat cea aS 19.00 26.35 | 29.25 28.6 
oN MA io Ls oh catedhtt emt eco sees | 18.75 26.53 | 30.48 | 29.85 


It is seen that at the different periods and especially at 1:00 P. M. 
when the maximum temperature was attained, the temperature rise in- 
creases with the increase in density. At this latter period the differ- 
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ence between the pure water and the highest concentration is 5.53°. 
Experiment 5. In this experiment an attempt was made to study the 
influence of the salt solutions on the rise of temperature under practical 
conditions. The experiment was performed by inserting into the ground 
mercury thermometers to a depth of three inches, and 12 inches apart, 
and placing over an equal area, around each thermometer, equal quanti- 
ties of water and some kind of salt solution. The general trend of the 
different tests is well illustrated by the experiment below in which NaCl 
and H,O were used. Exactly 500 ce. of each was poured around each 
thermometer. The solution was prepared by dissolving 100 grams of the 
salt in one liter of water. 


TABLE 83.—EFFECT OF SOLUBLE SALTS ON THE RISE OF SOIL TEMPERATURE, 


Name of solution. 10:00 a.m, | 1:50 pm. 3:10 p.m. | 5:45 p. m. 
1EIG Os. GG AC BOD OaO COACHES DOLE DOSES YOO GELaE RE SA TCr Sar ener on 68 .5°F Chaat 76.7°F 76.0°F 
INGUG Tiateiere seve slats states co ee sual crtjeserls ee (cieielorrs «'vlojvidisle\chste ovaca die: ciel aie 68.5 81.5 83.4 80.8 


It is evident that as in the preceding experiments with sand, the salt 
solution has a predominate influence on the rise of temperature. It will 
be seen that at 3:10 when the maximum temperature was attained for 
the day the soil treated with the salt solution is 6.70° F. warmer than 
the soil treated with pure water. 

That the concentration of solution influences the rising of temperature 
and that this degree of rising may be considerable is beyond any doubt 
from the foregoing work. The question now is what factor or factors 
bring about this result. From all evidence it appears to be due to the 
diminution of evaporation of water by the higher surface tension and 
lower vapor tension of the higher densities. If this be so then the sand 
treated with the most concentrated solutions should contain at the end of 
a certain period or at the time when the maximum temperature is at- 
tained, a higher percentage of moisture than the sand to which was 
added pure water or dilute solutions. The determination of the moisture 
content of some of the lots of sand shows such to be the case. . These 
moisture tests were made by pouring all the sand contained in the box 
into a large pan thoroughly mixing it and taking composite sample 
from the mass. The results obtained are given herewith: 


TABLE 84—MOISTURE CONTENT AT END OF EXPERIMENT. 


| 


Name of solution. | Lenin 
leldO Ss ocedo Se Roe Babe ab 900 CTE DOC MOB OC ARE. OGaOO GC aCe MOUaGn nd SABRES Cans Ce AGHA On Sn aneaar 2.30 
IEUEIAL OAc Speen SON anid SOR oneao’ nee Choee Pan aE eH DenEHTEAeNenecCr sea sor Ae ot Sahin aser ies aioe acid | 3.25 
BoC Ola es cesta. <6 ~ nro Ge ORD LUTTE od 6 OREO GT eDC Ce DE SPORE as taoe Gada Saint MRED Boe Meaacas 4.7 
RisS Oieess eae notte teats see aie el lanes paRARU tes dancte Pea SteRe nee pasa ates ee Osta nants = 4.0 


It will be seen that the moisture content is higher in the sand treated 
with the salt than with pure water, hence it supports the hypothesis. 
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The interesting question that arises now is: Is the influence of the 
density of the salt solutions permanent or temporary? In other words, 
will the temperature of the sand or soil treated with the salt solutions 
always continue to be higher than that of the sand or soils treated with 
water? For the answer of this question the experiment below was con- 
ducted. It consisted in treating sand with normal solutions of KH,PO,, 
KCL, and NaNO,, and studying the temperature for a number of days. 
The data obtained are presented in the following table: 


TABLE 85.—EFFECT OF SOLUBLE SALTS ON THE RISE OF SOIL TEMPERATURE. 


| 
} First day. Second day. Third day. 


Fourth day. 


Name of solution. 


12 m. 7:00 a. m. | 1:15 p. m. | 8:00 a. m. | 1:30 p. m. 8:00 a. m. | 2:00 p. m. 


160 ey ARCA irae eerie n | 24.15% 27.9 °C] 17.2 °C). 29°35°C}) 22:8 0c] 39.95°C} 22.0 °C} 39.4°C 
1.03 5 5 OF eee nan arose er One | 24.0 29.5 17.5 30.15 22.25 37.60 22.10 37.5 
30: | aa Pe Sr aE AE 23.85 30.7 17.6 31.35 | 22.65 39.75 22.45 38.2 
IN EIN at trea xfs(0)555°5 <iels's « 


23.80 31.55 17.65 32.25 22.8 38.7 | 22.7 37.7 


These results show that on the first day the temperature of the sand 
treated with the salt solution is considerably higher than that of the 
sand treated with pure water but the differences decrease in each suc- 
ceeding day until the third day they not only disappear but the previous 
order is reversed: the sand treated with water has a higher temperature 
than the sand treated with the salt solutions. 

The same order of results were also obtained with the soil: after the 
first day the temperature of both series was about the same. 

This reversed order of the results may be explained again on the basis 
of the moisture content. The percentage of moisture of the sand differ- 
ently treated was determined at the end of the third day with the fol- 
lowing results: 


TABLE 86,—MOISTURE CONTENT AT END OF EXPERIMENT, 


Name of solution, Fen cong 
20 0 Sh ee FS dete ne ee, oie eT en or Oe AA pre NS ON CII OOTY OPC WIA ec hl APR COE te | 82 
SEA. cons deo Stir wasacrersocaste ne yire appa sedun stant ae ink cele were Let age rey renee 1.16 
Oi Peet eal cain eaetetic OM ees bet ae vee dec Bs Evicad ngs SMO AE MDE erat arc late NN Eines 1.67 


It is seen that even now the moisture content of the sand treated 
with the salt solutions is much higher than that of the sand treated with 
pure water, but in both cases the amounts are quite low. Now it is 
conceived that in the sand treated with water, there is very little evapo- 
ration going on because the moisture present is reduced almost to the 
hygroscopic state, while in the sand treated with the salt solutions there 
is some evaporation going on because the moisture content is still con- 
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siderable. The result is that the temperature of the former is raised 
above that of the latter. 

In humid regions the effect of density of the soil solution upon the 
diminution of evaporation and hence upon the rising of temperature, is 
probably not very large but in the air dry regions—in the alkaline lands 
—it must be very considerable. 

The interesting question that arises now is, is the temperature of the 
leaves of plants grown in different densities of solution any different. 
The writer’? has shown that the density of the plant cell sap increased 
with the increase in concentration of the solution in which the plants 
grew and that the relative transpiration or the number of grams of 
water transpired to produce one gram of dry matter decreased, above 
a certain point, with the increase in concentration of the solution. In 
the light of all these facts the conclusion is irresistable that the leaves 
of plants grown in solutions of high concentration must have a higher 
temperature during the summer than the leaves of plants grown in solu- 
tion of low concentration. In the winter however, the former leaves 
will have a lower freezing point than the latter leaves. 


LOWERING OF TEMPERATURE. 


The effect of salt solutions upon the cooling or lowering of tempera- 
ture of soils was studied in the same manner as the foregoing with few 
exceptions. The chief differences being that the present study was con- 
ducted in winter when the air temperature was very low, the thermom- 
eters used were differently constructed, and that in some cases earthen- 
ware jars 3 inches high and 8 inches in diameter were used instead of 
the wooden boxes. The extent and nature of the work will be revealed 
in the description and discussion of the following experiments: 

Experiment 1. This experiment consisted in studying the effect of 
different concentrations of KCl and NH,Cl upon the rate of cooling and 
the degree of lowering of the freezing point and also upon the rate of 
thawing and rising of temperature. The experiment was prepared by 
placing 1546 grams of quartz sand in the earthenware See and adding 
to the sand 300 cc of solutions of 0.0, 0.5, 1.0 and 1.5 normal of KCl 
and NH,Cl; then placing the vessels containing the sand outdoors upon 
a stand ‘during a cold night and taking records of the rate of falling of 
temperature every 10 minutes with thermometers graduated to 0.2° F., 
until the temperature of the sand in all the pots was about the same 
as the air temperature. The next morning when the air temperature 
began to rise, the jars were brought into the laboratory, whose tempera- 
ture remained quite constant along 65° F., and the rate of thawing 
and rising of temperature was studied by taking records every 10 min- 
utes until the sand in all the different pots was about the same and 
close to the room temperature. The data obtained in this experiment are 
shown in the tables below with their accompanied charts: 


19 Bouyoucos, G. J. Transpiration of wheat seedlings as affected by different densities of a com- 
Use nutrient solution in water, sand and soil cultures. 
Beihefte zum Botanischen Ceutralblatt. 
Heft 1, November, 1912. 
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TABLE §8.—EFFECT OF SALT SOLUTIONS ON THE RATE OF THAWING AND THE DEGREE OF THE RISING 
: OF TEMPERATURE, 


ee Ta on 7 i ane i a | ASw 7] i = 49 Necae | 4 a 1 J | —— 
Time. AA | 8:10 8:20 | 8:30 | 8:40 | 8:50 ; 9:00 9:10 | 9:20 | 9:30 9:40 
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The foregoing tables and charts show many extremely interesting 
facts. Considering first the rate of freezing it will be seen that the sand 
treated with the different solutions and with pure water cooled at about 
the same rate until the temperature of about 34° F. was reached when 
the rate of falling of temperature of the sand treated with the water 
slowed up while the temperature of the sand treated with the solutions 
continued to fall until the respective freezing points were reached. The 
sand, therefore, treated with the solutions came to the temperature of 
32° F. about 15 minutes before did the sand treated with water. The 
freezing point of the sand with the different treatments is markedly dif- 
ferent; that with water is 31.8°., that with 0.5, 1.0 and 1.5 normal solu- 
tions of KCl is 28.8°, 25.6° and 20.8° respectively, while that with 0.5 
1.0 and 1.5 normal solutions of NH,Cl is 28.4, 25, and 22° respectively. 
From these figures it is evident that the salts have lowered the freezing 
point and the degree of this lowering is greater with the higher salt con- 
tent present. After the temperature of all the different treatments 
reached the freezing it remained there for some length of time, which 
amount of time varied with the concentration: it was greatest for the 
pure water and decreased with the increase in concentration of the 
solution. This is an interesting fact and it is explained by the difference 
in the further lowering of the freezing point due to the further increase 
in concentration of the solution brought about by the separation of the 
solidified solvent or ice under the subjection of the low temperature. 
Fmally, however, the temperature of the sand which received the differ- 
ent densities of solution as well as the water, came to about the same 
point, with a slight difference in favor of the solution treated with 
sand. It is to be noted that the phenomenon of supercooling, such as 
observed in the freezing of water in the form of drops or in capillary 
tubes, also occurred in the freezing of soil water. It will be seen that 
in almost every case some supercooling did take place. 

It will be interesting now to study the rate of thawing and rising of 
temperature of the same lot of sands and see what relationship it has 
to the rate of freezing. As already stated, this rate of thawing and 
rising of temperature was measured by bringing the sands into the labor- 
atory after their temperature was lowered to about the same point, and 
records were taken every 10 minutes until their temperature was about 
the same and close to the room temperature. The data thus obtained 
are shown in table 88, and on the lower part of each chart. A glance 
at these results reveals at once the significant fact that the rate of thaw- 
ing was in every case, exactly the reverse of the rate of freezing. It 
will be seen that the temperature of the sand treated with the water 
rose at once to 31.8° F. or at the point in which solidification took place 
and remained there for a long time until all the solid phase had been 
converted over into the liquid phase and then it rose very rapidly. 
While the temperature of the sand treated with the solutions rose at 
the beginning slowly and gradually without remaining at any one point 
for any length of time—which is just what should be expected since 
fusion and solidification take place at the same point and since there 
were more than one freezing point in the ease of these solutions on 
account of their further concentration due to the separation of ice— 
until complete fusion had taken place and then it rose very rapidly 
and far above that of the sand treated with water. The rapidity with 
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which complete fusion took place and the temperature passed the 32° F. 
_ point was proportional to the concentration of the treatment. It will 
be noticed that by the time the temperature of the sand treated with 
water began to rise above 32° F., the degree of magnitude of the tem- 
perature of the other lots of sand varied directly with the density of the 
solution. In the case of the KCl experiment for instance, the differ- 
ence in temperature between the sand treated with water and that 
treated with 1.5 normal solution was as great as 17° F. Finally, how- 
ever, all the differently treated sands attained about the same tempera- 
ture. The differences noted increase with the decrease in concentration 
of the solution and would necessarily exist on account of the difference 
in evaporation. 

Experiment 2. This experiment was an extension and check to the 
foregoing experiment. It consisted in studying the effect of 0.0, 0.5, 1.0 
and 1.5 normal solutions of NaCl and KCI and 1.0 normal solutions of 
K,CO,, NaNO,, CaCl, KNO,, and (NH,).CO, upon the rate of freezing, 
the degree of the lowering of the freezing point, and the rate of the 
‘rising of temperature. It was prepared by placing 6855 grams of quartz 
sand in the regular wooden boxes, added 750 ce of the respective solu- 
tions, and the temperature records were taken in the usual manner. In 
the table below is given only the lowering of the freezing point, the 
rate of freezing and of thawing are left out on account of lack of space; 
the general trend of these, however, is well illustrated in the foregoing 
experiment. 


TABLE 89.—FREEZING POINT OF SOLUTIONS IN SAND. 
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It will be seen that the lowering of the freezing increased with the 
concentration and that it varied but slightly among the different salt 
solutions of the same strength. 
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EFFECT OF THE DECOMPOSITION OF MANURE ON SOIL TEM- 
PERATURE. 


OBJECT AND METHOD OF EXPERIMENTATION. 


It might be said that the farm soil receives its heat from four differ- 
ent sources: (1) from the direct radiation of the sun; (2) from the 
precipitation or condensation of aqueous vapor, (8) from the heated 
interior of the earth by conduction, and (4) from the decomposition of 
organic matter. The amount received from the last three sources is 
very small; it is the first source that contributes the greatest, if not the 
whole, of the warmth of the soil. The second and third sources are 
entirely beyond the control of man; the first can be controlled in an 
indirect way by modifying the color and water content of the surface 
soil; the fourth is the only one of the four sources which is practically 
entirely under the control of man, because he can add the organic matter 
to the soil. 

The amount of heat liberated by the decomposition of organic matter 
is considerable if the action is complete and rapid—it is equal to the 
amount of heat of combustion. The decomposition process, however, as 
carried on under field conditions is very slow and hence the amount 
of heat given off is practically imperceptible. 

The principal sources of organic matter in the soil are (1) vegetable 
matter and (2) animal manure. The first is practically unimportant 
so far as heat is concerned because in the spring the temperature of the 
soil is already sufficiently high enough for the germination of seed and 
growth of plants by the time the vegetation has grown large enough to 
be turned under. In the fall the soil temperature is also sufficiently 
high for the germination of seeds and growth of seedlings without the 
necessity of increasing it. Furthermore, at either season the amount of 
vegetation that can be turned under is so small in comparison with the 
great bulk of the soil that the warming effect resulting from the decom- 
position is practically nil. 

The extent to which the second source of organic matter may in- 
crease the temperature of the soil will depend upon the freshness and 
quantity of the material. The statements in different textbooks vary 
upon this point. Some are to the effect that the decomposition of 
manure of any kind has practically no importance on the thermal rela- 
tions of soils; others, that the influence is quite appreciable. 

These statements or conclusions have been drawn from insufficient 
data. The amount of experimentation that has already been done on 
the subject is very meager. The most widely quoted work is that of 
Georgeson®? who added 0.0, 10, 20, 40 and 80 tons of farm yard manure 
to a soil and studied its temperature. The experiment was performed 
by mixing thoroughly the soil and the manure, placing the mixture in 
wooden boxes without bottom and top and burying the latter in the 
ground up to the surface edge. He found that the temperature of the 
soil was increased with the increase of the application of manure. The 
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increase was greatest during the first five days and then rapidly dimin- 
ished. At the end of 20 days the increase became almost imperceptible 
where only 10 tons of manure per acre had been applied but continued 
to be distinct where 40 and 80 tons were employed. 

Wagner? conducted a somewhat similar field experiment with differ- 
ent kinds of manure and also some laboratory experiments. The field 
tests showed that the application of heavy dressings of fresh manure of 
horse, cow, sheep and hog, raised the temperature of the soil; the horse 
manure increased it the most, the cow the least, and the sheep and hog 
intermediately. ; 

Spragg’* attempted to study the effect of farm yard manure of horse, 
sheep, and cow under laboratory and field conditions. The data he 
obtained show that the rise of temperature as a result of these applica- 
tions is practically nil. 

Since our knowledge of this subject was very meager and since the 
foregoing works as well as the statements found in various textbooks 
are not concordant, it was deemed advisable to investigate the subject. 

The research consisted in studying the effect of the decomposition of 
different kinds of fresh manure upon the temperature of soils, under 
laboratory or controlled conditions. The investigation was conducted in 
the following manner: Four-gallon earthenware jars were insulated 
on the inside with thick asbestos paper and on the outside with thick 
hair felt. The asbestos on the inside of the jars was paraffined in order 
to make it water proof. The reason for so insulating the jars was to 
prevent the loss of heat by conduction from the sides and bottom and 
thus imitate in a way natural conditions. In actual field conditions, 
the loss of heat takes place from the surface soil. To each pot was then 
added the same amount of a fine sandy soil, known as Jack pine sand. 
From each jar was then taken equal weights of soil to correspond to a 
depth of 6 inches. This soil was thoroughly mixed with the proper 
amount and kind of manure and put back into the pot, and water added 
to it to bring it to the required moisture content. Care was taken 
to have the same percentage of moisture in the soils containing differ- 
ent amounts of the same kind of manure. This, of course, necessitated 
the making of corrections for the different amounts of water contained 
in the various proportions of manure. The correction was made only 
within the various amounts of the same kind of manure and not among 
the different kinds. The soils, therefore, containing the different kinds 
of manure in the various proportions did not possess exactly the same 
moisture content. In order to prevent evaporation as much as possible 
the surface soil of each pot was also covered by a thick layer of quartz 
sand. 

There were four experiments conducted. The first three dealt only 
with horse manure and the fourth with horse, sheep, and cow manure. 
Since the first three experiments were preliminary and. the results ob- 
tained are in the same order as the corresponding series in the fourth 
experiment; also, for the sake of brevity, only the results of the latter 
will be presented here. 

The three different kinds of manure, horse, sheep, and cow, were only 


21 Forsch. a. d. G. d. Agrik. Phy. V. : 373. 
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about one day old when they were added to the soil. For convenience 
and comparison only the pure solid was used. They were employed in 
the proportion of 0. 0, 5, 10, 20, and 40 tons per acre, and 100% of cow 
and horse. Their moisture content was determined and shown in the 
table below. It will be seen that their water content is different. No 
correction was made for these differences in the weight of the manure 
added to the soil, consequently the actual amount of dry matter was 
not the same. Since the moisture consists of urine and this undergoes 
fermentation, it also adds heat to the soil. 

The preparation of the experiment including, the weight of the soil, 
name and amount of manure added, the moisture content, ete., are all 
shown together in the following table: 


TABLE 90.—SHOWING PLAN OF EXPERIMENT. 


| 1 1 


Weight of soil. as | Pout mam ieee etree pei 

per acre, manure. | H. M. Expt. | C. M. Expt. | S. M. Expt. 
Bp lbatt et ees SIR RIES: Bas 0.0 Horse | 17.39 | 47.58 17.42 
MES ate. frost candi covorcaivan ONT a Eom tees 5.0 | 84.05 17.39 | 17.52 17.42 
SOO MDR DS can esas tes satay ch Riise roe te 10.0 | Cow | 17.39 | 17.52 | 17.42 
BURGE ca oth iy Me JAN. ets Sa nate ers 20.0 | 84.00 | 17.39 | 17.52 17.42 
SUG linea a te* Sits ent Fl ee tre AO 30.0 | Sheep 17.39 17.52 | 17.42 
SOG Tee Rabe BS hens Pe AA 40.0 | 75.50 17.52 17.42 
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6 Kilos horse manure. 
6 Kilos cow mannre. 


When the preparation of the experiment was complete the pots were 
placed in rows on a stand one foot from the ground and kept in a room 
whose temperature varied very little from day to day. The room was 
intended for refrigerating purposes and was ideal for keeping the tem- 
perature constant. 

In the first three experiments the temperature readings were taken 
by means of mercury thermometers graduated to 1° Centigrade. The 
results obtained by them were not altogether satisfactory because they 
did not read closely enough. To obtain mercury thermometers of high 
precision and the large number required in the present extensive work, 
it would have entailed considerable expense. To overcome this diffi- 
culty, it was decided to use thermocouples in the present or fourth ex- 
periment. The principle of such instruments is based upon the fact 
that when two wires of dissimilar metals are connected end to end and 
one junction is kept at a constant and the other at a variable tempera- 
ture, an electrical current is produced the amount of which is propor- 
tional to the difference in temperature between the two junctions. This 
electrical current is measured by the deflection produced on the galvano- 
meter. The amount of electrical current is also influenced by the compo- 
sition of the wires. The combination of certain kinds of elements pro- 
duces a greater current than others. 

The thermocouples used in the present work were made in this labora- 
tory especially for the purpose. Their material consisted of No. 18 
“advance” wire and No. 18 copper wire. They were constructed by 
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taking 25” pieces of the respective wires and joining them in series of 
three. That is, three couples were joined together in series. The joints 
were first dipped in ZnCL, then soldered and finally coated with shel- 
lac. Above the joints, which were to be buried in the soil, were placed 
glass tubes 6 inches long and 14 inch in diameter. The opposite ends 
of these glass tubes were made waterproof with shellac. These glass 
tubes were employed in order to facilitate the placing of the ends of the 
couples into the soil and also to keep the wires of the latter well insu: 
lated. To each series of couples were joined copper wires 12 feet long. 
All the couples were then standardized. This was accomplished by 
dipping one end of the series of couples in ice and the other in a con- 
stant temperature bath. It was found that they were all sensitive to 
about 0.2° C. 

Those ends of the couples having the glass tubes were placed into the 
soil five inches deep from the lowest end of the point or four inches 
from the upper part of the joint. The three couples were placed at 
different places in the soil in order to obtain a more nearly average 
record. The temperature readings were made by dipping the long bended 
end—as shown in the diagram—into an ice bath, connecting the two 
12 foot wires to the galvanometer, and reading the deflection on the 
latter. The galvanometer employed was of D’Arsonval type and was 
of very high grade. Its needle came to rest in a few seconds. It 
took only about 40 minutes to complete the reading of the 40 thermo- 
couples. At the beginning of the experiment there were two readings 
made, one in the morning at 8:00 and one in the afternoon at 3:50. 
Later, however, the readings were made only in the afternoon. At the 
beginning also, the readings were taken every day but after the max- 
imum temperature was attained they were taken every other day for 
some time and occasionally afterwards. The experiment lasted alto- 
gether from December 28th to April 10th, or 103 days. The data ob- 
tained are given herewith: 
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RPSULTS OF EXPERIMENTS. 
TABLE 91.—EFFECT OF DECOMPOSITION OF MANURE ON TEMPERATURE OF SOILS, 
1911. December 28. December 29. December 30, December 31. 
pal diy Horse. | Cow. | Sheep. | Horse. | Cow. | Sheep. | Horse. | Cow. | Sheep. | Horse. | Cow. | Sheep. 
5] Bias Waal Gas a eee a ee ee ee 
see rtere 15.4408) 15.4408} 15.4408) 14.8954) 14.8954) 14.8954) 15.0227| 15.0227| 15.0227) 15.3863) 15.3863) 15.3863 
Diff. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 | 0.0 0.0 0.0 
Deki cle 15.4045) 15.3378) 14.9985) 15.1015| 15.5014) 15.2712| 15.2742 15.7075) 15.4227; 15.6529) 16.0387) 15.8105 
Diff..... —0.0363) -0. 1029) -0.4423, 0.2061) 0.606 | 0.3758 0.2515 0.6848) 0.4000) 0.2666 0.6423 0.4241 
1Oo- 7.112 15.4348 15.3015, 15.0894] 15.2409] 15.5439] 15.3045] 15.5045| 15.7560! 15.4530| 15.9317) 16 0802 15.8590 
Diffes... 0.006 | -0. 1393) -0.3514) 0.3455) 0.6485) 0.4091; 0.4818) 0.7333 0.4303 0.5454, 0.6938 0.4726 
ra as a 15.5984| 15.4105] 15.1803] 15.6772| 15.6014 15.4227) 15.9832 15.8923) 15.6045) 16.3014! 16.2377) 15.9802 
Diff. 0.1576) -0.0302 0.2605 0.7818 0.706 | 0.5273) 0.9605 0.8696, 0.5818; 0.915 0.8514) 0.5938 
| pease 15.7257) 15.5742) 15.5742) 16.065 | 15.7923) 15.6802) 16.468 | 16.0438) 15.8772) 16.7498) 16.4377| 16.3256 
Ditfs-s- 0.2849/ 0.1334) 0.1334) 1.1696 0.8969, 0.7848| 1.4453 1.0211) 0,8545, 1.3635) 1.0514) 0.9392 
| ane 15.9681) 15.7105] 15.8166) 16.7559] 15.9529| 15.9196) 17.2104) 16.2529) 16.2044) 17.4770) 16.6589, 16.6650 
Diffs-2 a. 0.5273) 0.2697) 0.3758! 1.8605) 1.0575 1.0242) 2.1877) 1.2302; 1.1817) 2.0917] 1.2726) 1.2787 
DOP prrte|P pot cOr dees accelh slate aes 37.2000| 19.33 Bicaee 38.3 | 18.693 |........ | 37.500! 18.720|........ 
Diffie... ZV ETA arial ARSE ROe 22.3046 4.4346 bred hapa 23.2773) 3.6703).:...... 22. 1136 3.3336 Bars atars 
Mies ee MC 22, ees Pace arene CBAGES  VcatontslRaad sds SCRE | Aen ator REPT ree | 17.2710 
Dithestiera | cirseests lhe geese (Ca oy ante Ol ars QSTGOG ees ote eee ats ci | PAE onan 1.8847 
u 
TABLE 91,—Continued, 
1912. January 1. January 2. January 3. January 4. 
Amount : | | | 
in tons. Horse. Cow. Sheep. | Horse. Cow. Sheep. | Horse. Cow. Sheep. | Horse. | Cow. Sheep. 
Os Se 15.3015) 15.3015) 15.3015) 15.2106) 15.2106) 15.2106) 14.8954 14.3954, 14.8954 14. 6288| 14.6288) 14.6288 
Ditfix=.. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 | 0.0 
Dopp 15.5863] 16.0074| 15.6651) 15.5499) 15.8469) 15.453 | 15.1621) 15.5105) 15.0227 14.8470, 15.2106; 14.7621 
Diffe--ee 0.2848) 0.7059) 0.3636) 0.3393, 0.6363) 0.2424) 0.2666 0.615! 0.1272 0.2182 0.5817; 0.1332 
Oe 15.859 | 15.962 | 15.7681] 15.7620} 15.9075) 15.5257 15.3621! 15.5136) 15.2106 15.0833/315.2772| 14.9379 
Diffie 0.5575, 0.6605, 0.4666) 0.5514, 0.6969, 0.3151) 0.4667 0.6181, 0.3151 0.4545 0.6484) 0.3090 
208 .es 16.2105) 16.1650) 15.9014 16.0105 16.0408| 15.6651! 15.7135) 15.6651) 15.3621 15.3924 15.3863) 15.0651 
Diff... 0.9090! 0.8635, 0.5999} 0.7999 0.8302! 0.4545, 0.8181 0.7686 0.4666 0.7636 0.7575, 0.4362 
30:33, 2. 16.6165) 16.3347) 16.1680) 16.4226) 16.2074| 16.1317) 16.1014} 15.862 | 15.5863 15.8408 15.6135) 15.3863 
Diff. 2.1 1.3150} 1.0332) 0.8665, 1.212 | 0.9968! 0.9211 1.2059) 0.9665 0.6908 1.2120 0.9847) 0.7574 
405e 2: 17.3073) 16.5225) 16.4468] 17.1982| 16.4074) 16.3741| 16.7437 16.0408 15.9984 16.4529) 15.765 15.6651 
DIffi =. 2.0058 1.221 1.1453) 1.9276) 1. 1968 1. 1635) 1.8483) 1, 1453. 1. 1030 1.8241) 1, 1362, 1.0332 
100%...| 37.1 TSPCGG) bo - os eee 34.5 TSPGGG! | laste dor | 31.5 1A) Ge ere Se 30.2 18.166 ances 
ise Waanaecea lospepena ncoocnes 22.3046) 4.4346)........ | 23.2773| 3.6703)........ 22. 1136 3.3336. its) «ree 
TAU 20 Rs Aan ode onl aeneeeen If fer GV] Se beer labeomboe Li OD89 asa cee fete vccs ol LGPOS3 80 tetas 3s eae yah: | 16.362 
Diff; Saeliceceee sincere QEBAG2 | Fao sacciled net share 58463) .a. @.calosa cows [FG484 ae aio ctors rs ate ote 3% | 1.7332 
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TABLE 91.—Continued. 

1912. January 5. | January 6, January 7, January 8. 
Amount. Horse. | Cow | Shee | Horse. Cow. | Sheep. | Hors Gvnt Sheep. Horse. | Cow. | Sh 
tau | | : | p. | | p orse. | | eep. | orse, 3 eep. 
Gt ® 5 2 14.0834) 1.0804, eee 13.332 | 13.332 13.332 | 12.6048) 12.6048 12.6048) Ree 11.8504| 11.8594 
Diff........ 0.0 0.0 | 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 O.0-+)) (0.8 
Oyen urs | 14.3925 14.7258) 14.2046) 13.744 | 14.0743) 13.4226] 12.8169) 13.0744) 12.7381) 12.0775 12.4351| 11.926 
Diffs 5 0.3091) 0.6424 0.1212) 0.412 0.7423 0.0906) 0.2121 0.4696. 0.1333, 0.2181, 0.5757 0.0665 
UPS ae 14.5985) 14.7561 14.3500) as 14.1167) 13.7632) 12.9926 13.2138) 12.8714) 12.2109 12-4684) 12.0351 
Bitte s as 0.5151 0.6727 0.2666 0.5696, 0.7847, 0.4312) 0.3878 0.6090 0.2666 0.3514 0.609 | 0.1756 
11 eee 14.8954; 14.9318; 14.5561} 14.3117| 14.2228] 13.938 | 13.2714] 13.3623) 13.0714 12.5139) 12.529 | 12.223 
Diftens.ce 0.812 0.8484, 0.4727. 0.9797; 0.8908) 0.606 | 0.6666) 0.7575 0.4666, 0.6544, 0.6696 0.3635 
BON ct aie | 15.2863 15.0742) 14.8773) 14.5682 14.3319) 14.1925 13.6471) 13.5077) 13.3441) 12.829 | 12.7411) 12.5442 
Bits... | 1.2029 0.9908 0.7939) 1.2362, 0.9999 0.8605) 1.0423 0.9029 0.7393, 0.9696 0.8817) 0.6847 
|| a ee | 45. 8014) 15.1803) 15.3000) 15.0166 14.5106) 14.4228] 14.0289 13.6047) 13.5441) 13.1077) 12.8775) 12.7684 
Diff. 1.718 | 1.0969 1.2196. 1.6846 1.1786 1.0908) 1.4241 0.9999) 0.9393 1.2483 1.018 | 0.909 
100%...) 26.75 | A7ABS8i bere Ae 23°66) |) A808! ieee. oer. | 21. 00 162220 Niesre ned | 19550): [:35:38)")\2, eee 
Diff. 12. 6666, SS 0085 | 5.0. ec | 10.318 = 7d) | ia Se | 8.3952) $.6152)........ 7.6405| 3.5205)........ 
tag gl Waeec as | As akg Oe (aC: ea gee 15.0591|........ eee 13. s471| [at ee eee 13.2841 
Diffescaa ince os.as ee ae OZ econtetpeclt ranitaerss | EY 7.4 | Parasite | Es esiersek be 2423) b wiy-4, aiaiw'a erage oetata 1.9816 

| | 
TABLE 91.—Continued. 

1912, January 9. January 10. January 11. | January 12. 
proant Horse. | Cow. Sheep. | Horse. | Cow. Sheep. | Horse. | Cow. | Sheep | Horse. | Cow. | Sheep. 
Ds eonkis 11.3019 11.3019 11.3019) 11.2716 11.2716; 11.2716) 11.5624 11.5624| 11.5624| 11.5867} 11.5867) 11.5867 
Diff... 0.0 | 0.0 | 0.0 | 0.0° | 0.0 | 0.0 | 00 | 00 | 0.0 | 0.0 | 8.0 | 00 
Bia 11.5564 11.9321) 11.4231] 11.4473) 11.8018 11.314 | 11.6836 11.923 | 11.4231) 12.0472; 12.0897) 11.6473 
Dilfecstce 0.2545) 0.6302 0. 1312, 0.1757, 0.5302 0.0424 0.1212 0.3605 —0.1393) 0.4605) 0.5029) 0.0605 
LSA. 11.7806 11.9836, 11.5261| 11.6533) 11.7776 11.4352) 11.8412) 11.9533) 11.514 | 11.926 | 12-1808! 11.7382 
Ditfi< scr 0.4787. 0.6817 0.2242, 0.3817) 0.5060 0. 1636 0.2787 0.3908 0.0484 0.3393, 0.5635) 0.1514 
1 Ra 12.0472 12.1351) 11.7079] 11.8776 11.9836) 11.6473) 12.1200 12.0897; 11.7261 19,1200 12.2442) 11.9503 
Diffie: St | 0.7453 0.8332) 0.406 | 0.606 | 0.712 0.3757, 0.5575) 0.5272 0. 1636 0.5332 0.6575; 0.3635 
Stach. 12.3563) 12.2805} 12.023 | 12.1806, 12.1654) 11.920 12.3502) 12.2351) 11.9503 12.4169. 12.4078} 12.1321 
Diff. 1.0544 0.9786; 0.7211, 0.909 0.8938 0.6484 0.7878 0.6726 0.3878 0.8302 0.8211) 0.5453 
rae 12.6108) 12.3624| 12.223 | 12.4593) 12.2533) 12.1442! 12.5684 12.3624| 12.1684) 12.6714) 12.5229] 12.3927 
Diffie 1.3089, 1.0605 0.9211, |. 1877 0.9817, 0.8726, 1.0059 0.7999 0.606 | 1.0847 0.9362; 0.806 
100%...) 17.8 | 15.0 [oveesee 17.5 MASS lari cshe. | 17.5 Us a ea ge ae 17.0 14444 |. osc 
Diff | 6.4981 3.6981, i Fact cus | 6.2284 38,5584)........ 5 9375 SZOTO ss sce ds 5.4132 2.8672). cancer 
Meo a ieee Latent & a pe ee Bet | 12.9987|....... lis ct | 13.9628 13.2411 
Diff. 1.5453 PAPA in Tek i bees) Mos 1.6544 
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TABLE 91.—Continued. 
1912, January 13, January 14, January 15, January 16, 
Aran Horse. Cow. Sheep Horse. Cow | Sheep Horse. | Cow. | Sheep. | Horse. Cow. | Sheep. 
Bethe 11.1019 11.1019 11.1019} 10.9383) 10.9383) 10.9383 11.0352 11.0352) 11.0352) 11.1504) 11.1504) 11.1504 
| | 
Diffs... 0.0 0.0 0.0 0.0 0.0 0.0 0.0 | 0.0 0.0 0.0 0.0 0.0 
Dataset 11.32 | 11.6867) 11.7564) 11.1625, 11.3594) 10.908 | 11.2655) 11.6442) 11.1504| 11.2655) 11.6139) 11.6352 
Diff..... 0.2181; 0.5847, 0.6544, 0.2242) 0.421! -0.0303, 0.2302 0.609 | 0.1151; O.1151) 0.4635 0.5848 
lence 11.4837] 11.7412] 11.3291) 11.211 | 11.4231} 11.014 11.514 | 11.7109) 11.6352) 11.4776 11.6745 11.2716 
Rufs 0.3817; 0.6393) 0.2271; 0.2727) 0.4848; 0.0757; 0.4787 0.6756) 0.5999, 0.3272 0.5241) 0.1212 
20) rik. 11.7564) 11.8473) 11.5882) 11.4231 eee 10.2413! 11.6655) 11.7867) 11.4685 11.6836 11.8139) 11.5291 
Diffo- 5. 0.6544 | 0.7453) 0.4362) 0.4848) 0.5908 -0.697 | 0.6302 0.7514 0.4332) 0.5332 0.6635 0.3787 
SON y: 12.0048) 12.0048) 11.7715, 11.6533 11.6958 11.417 | 11.9321] 11.923 | 11.6291) 11.920 | 11.9988) 11.6897 
Diffs... 0.9029 0.9029 0.6695) 0.715 0.7575 0.4787 0.8968) 0.8877; 0.5938) 0.7696 0.8484, 0.5393 
AOR .3.% 12.223 | 12.120 | 11.9533) 11.9079 11.8018) 11.6503, 12.1503) 12.026 | 11.7867| 12.1321 12.1109) 11.9351 
Diffe...%.5 L2u 1.018 | 0.8514; 0.9696 0.8635 0.712 1.115 | 0.9908 0.7515 0.9817 0.9605, 0.7847 
INO Garrat Ole | LAD | case atctet- 16.8 12 ee SORE 17.00 | 14.777 epee 17200))|, 125888) |" nacre 
Diff..... 52098) erseG180|-. xc). 5.8617) 3.7817)........ 5.9647) 3.7417) S.tattese 5.8496) 3.7376)........ 
[its 7563} /GncBecde SEBEOnee DES F40| ehescitior crc licteeies nia: ots MRC OD Te rayerstetetosdieroretat orators 55 PARES 8) beers A ba RN 12.9987 
1 7i-8565| BRennned Beene roe (137.774) Any Eee PSI STA liceca cera] crate rants | WeATST | tit5:5,0r- silico 1.8483 
TABLE 91.—Continued. 
1912, January 17, January 19. January 22, January 24, 
aac Horse. | Cow. Sheep. | Horse. | Cow. Sheep. | Horse. Cow. | Sheep. | Horse. | Cow. Sheep. 
se || ia a | | 
Wee sate 11.5443) 11.5443) 11.5443) 13.5138) 13.5138 13.5138 13.8713, 13.8713) 13.8713) 14.544 | 14.544 | 14.544 
Diff..... 0.0 | 0.0 | 06.0 | 00 | 0.0 | 00 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 
Bi ccs 11.6958) 12.1806) 11.6442) 13.6471 14.044 | 13.6168, 14.041 | 14.3076) 13.9258) 14.7076) 14.9227) 14.547 
Diff 0.1515) 0.6363 O70899) 0. 1333) 0.5302) 0.103 | 0. 1696 0.4363, 0.0545) 0.1636 0.3787, 0.003 
Osea ers 11.9018) 12.2078) 11.7109) 13.8471) 14.044 | 13.6653) 14.1622) 14.3016) 13.9804) 14.8591) 15.0288) 14.6167 
Diff: 0.3575) 0.6635! 0.1666) 0.3333 0.5302! 0.1515 0.2908 0.4302) 0.109 | 0.3151 0.4848) 0.0727 
7. ee 12.0594) 12.2805) 11.8624) 14.047 14.1349) 13.8117) 14.3622) 14.4015) 14.0592) 15.0894 15.1197) 14.8864 
Ditfiea~.- 0.5151) 0.7362) 0.3181) 0.5332 0.6211 0.2979, 0.4908) 0.5302 0. 1878, 0.6454 0.5757, 0.3424 
SORES 12.3563) 12.4745) 12.1866 14.2713) 14.2955, 14.0743, 14.5864! 14.5864! 14.3682] 15.3318! 15.259 | 15.0288 
Ditfcac- 0.812 | 0.9302 0.6423) 0.7575 0.7817 0.5605 0.715 0.715 | 0.4969 0.7878 0.715 0.4848 
AGHA 2S 12.6048] 12.6138, 12.3927) 14.5561) 14.4803 14.2713) 14.7682) 14.7561! 14.65 | 15.5257| 15.4378) 15.3166 
Diffz20 1.0605, 1.0695) 0.8484) 1.0423 0.9665 ‘ 0.7575 0.8968 0.8847 0.7787, 0.9817 0.8938, 0.7726 
100% 17.00.] | 15.222 |........ 18.90 | 16.388 eee 19.00 | 17.00 | ae 19.50 | WTTE mote 
Diff. 5.4557) 3.6777|........ 5.3862 2.8742 bist t sant | 5.1286) 3.1286]........] 4.956 | 3.233 |.....-.: 
/N [ites Cars| papers |oeeeeR LIGRRE Ui ee O28 Re eeve te | 15.8469 BT | Ana eke 1527863 |S sce ees lene 2 | 16.1499 
“liisea| Ean aee Peeeeeee | 2aGs4|, AEN oe eS eed ah | 1.9160]... |e. | 1.6059 
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‘FABLE 91.—Continued. 
1912 January 30. February 6. February 14. February 28. 
pcg Horse. | Cow. | Sheep. | Horse | Cow. | Sheep. | Horse. | Cow. | Sheep. | Horse. | Cow. | Sheep. 
| | 
alata tee | ey 
Oi ak 13.8652) sie | 13.8652! 13.3804! sia 13.3804) 13.1986) 13.1986 13.1986) 17.5012) 17.5012) 17.5012 
DTA 24 | 0.0 0.0 0:0.44|' 0:0 0.0 | 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
RES | 13.9683) 14.3803 14.0592) 13.541 | 13.8349) 13.3471) 13.1986 13.1805) 12.5654, 17.6649) 17.6649) 17.271 
Diffs... 0.103 0.5151 0.1939 0. 1608 0.4545, -0.0333! 0.0 0.0181, -0.6332) 0.1637 0.1637) -0.2302 
lO}ee ce 14.1076) 14.4046 15.8317) 13.7531) 13.8986) 13.3926) 13.4229) 13.2259) 12.6199| 17.7861) 17.6649) 17.271 
Diff..... 0.2424 0.5393, 1.9664 0.3727) 0.5181 0.0121 0.2243 0.0272 0.5787 0.2849 0.1637, -0.2302 
Mric=bs 14.2773 14.3985] 14.1804) 14.0289) 13.938 | 13.5834 13.6895) 13.2411) 12.7714) 17.9679| 17.6649) 17.3017 
Dithe.=: 0.412 0.5332, 0.3151, 0.6485, 0.5575, 0.203 0.4909 0.0424 -0.4272 0.4667, 0.1637 -0. 1995 
S0Re. ss 14.544 14.6046) 14.3319) 14.1501) 14.1228) 13.8107) 13.7501| 13.3623) 13.1956, 18.180 | 17.7558) 17.6048 
Dits..>:| 0.6788 0.7393) 0.4666 0.7697, 0.7423) 0.4302) 0.5515 0.1636 -0.003 | 0.6788 0.2546! 0.1031 
| ae 14.7742 14.8167| 14.6046) 14.2561) 14.3167) 14.0834! 13.8622) 13.6895 13.332 | 18.283 | 18.0103] 17.9073 
Diff; 2. 0.909 | 0.9514, 0.7394 0.8757 0.9362) 0.7029. 0.6636 0.4908 0.1333' 0.782 0.5091, 0.4061 
100%...| 18.50 | 17.22 |........ ISON EAE Hoc, sets 17.00 | 17.00 |........ 22.00 | 20.5555]........ 
Diffie at | 4.6347 8.9647|0....24: 4.6196} 3.8395)........ 3.8014) 3.8014)........ 4.4988 3.0543......... 
Lal Ree cae FERNS erat) | LOPaBSS | feces cls sucess GY AU) ery oeemisae NY 38467). «<.'.). <||'s 010s alors see 
Diff..... | nema Pearse Ni 6181) ........ Saeee H92U) eee eeeeleeeeees 4.G481): 2... |ne5a-cne | oem 
* y | 
TABLE 91.—Concluded. 
1912, | March 15, March 27, April 10. 

Amount in tons. Horse | Cow Sheep. | Horse. | Cow. | Sheep. | Horse. | Cow. Sheep. 
De ness Bas aos sehen see ee oot | 19.93 | 19.93 | 19.93 | 18.19 | 18.19 | 18.19 | 19.00 | 19.00 | 19.00 
DGEBA oot. Sindh Soviet go tty oie esate 0.0 | 0.0 0.0 0.0 0:0) 1 (0.0 0.0 0.0 0.0 
Be rok Setar tas cig males By Seg arate | 20.11 | 20.00 19.77 | 18.222 } 18.19 17.915 | 19.055 | 18.885 | 18.75 
DihR Bi eat. thas va ie ak | 0.18 0.07 | -0.16 0.032 | 0.0 | -0.275 | 0.955 | -0.115 | -0.25 
SRS pe Sv Sie Sap ve RE | 20.22 | 20.00 | 19.77 | 18.25 | 18.205 | 17.94 | 19.055 | 18.885 | 18.75 
BGS See sew beh cet os tee ee | 0.29 0.07 | -0.16 0.06 0.015 -0.25 0.055 | -0.115 -0.25 
AD ake Beh = avnis nar an Ghigo 5 eles tose | 20.25 | 20.00 | 19.77 | 18.38 | 18.205 | 17.985 | 19.055 | 18.885 | 18.75 
Difis. cy <<jdtetavh > cee hanes conte ay 0.32 0.07 -0.16 0.19 | 0.015 | 0.205 0.055 | -0.115 | -0.25 
Baba setsibe, bast ert dendeh te 20.27 | 20.16 | 20.05 | 18.555 | 18.320 | 18.205 | 19.333 | 19.110 | 19.00 
DES Boas takes eras eee ats 0.34 0.23 0.12 0.365 | 0.13 | 0.015 0.333 0.110 | 0.0 
MDS tA ad tec Sees cans cache 20.50 | 20.27 | 20.16 18.665 18.470 | 18.320 | 19.525 19.250 | 19.165 
Bits. by. dha ad hala. (0.57 0.34 (0.23 | 0.475 0.280 0.130 | 0.525 0.250) 0.165 
OU ava tp ademas da« tee weeds hice ZIGBORE 2028S | esac 19.333 | 19.275 |........ 20.111 20:1115 |; cae 
Dik: sored cpldetie oo 2k MEV ke’ Pri pee 1.570 05900: [b.c. cee | 1.143 | W08D 1, Jones Ht | PG eee... 
BARS eres ivicehs Once es th d, STUNT IE | comical Sib on wees itcdeisd | meee ey | PRisarast lhe davis deseo} cag a 
ith cle retlas car eaten Mts VAs ey 1.2545)........ | L ctv anol ORO iether eee. 
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TABLE 92,—EFFECT OF DECOMPOSITION OF MANURE ON TEMPERATURE OF SOIL. AVERAGES FOR THE 
WHOLE PERIOD. 


Amount of manure. | . 
a no aeea are 
CHIT CE nesta belts SORTER ea ee I petri 13.90 13.90 13.90 
Se BO RNs MA GONE ik pide Measeh wwiccnae Sb pe naer? 14.10 14.35 13.98 
CNET A a SAR Ne es. ec anes gu i go ee 14.26 14.39 14.10 
“UST g co Oent alae LO tea ee a bd ee 14.50 14.48 14.13 
COUR RS Het Ihe ie aS ee ee 14.79 | 14.65 14.45 
LO a nn ee Rane ne 15.43). 14:81 14.70 
1 Un Ln RR des OE EN Si RR ON oe ea rt ie CE i Cg CT A 6 os Cl Pee ane 
“Thy UR Ae SRS a ee as ee ge Nice a ee Ee os) Pe | Dean yer 15.13 


The above tables contain the temperature in F. degrees for the days 
the records were made, the difference for the corresponding days be- 
iween the 0.0 manure with any of the other amounts of manure, and the 
average temperature for the whole period or at the expiration of the ex- 
periment, for all the various amounts and different kinds of manure. 
The data show that in the first day of the experiment the temperature 
- of the soil with the 5, 10, and 20 tons of manure of all three kinds, was 
lower than that of the soil with 40 tons and 100% of manure. At the 
end of the first day, or at the beginning of the second day, the tempera- 
ture of all the soils containing the different manures in the various quan- 
tities was appreciably higher than that of the check and increased regu- 
larly and gradually with the increase in the amount of manure. The 
-rise in all cases tended to increase till the maximum was reached and 
then showed a tendency to decrease but remained quite constant for a 
long period and varied with the air temperature. On account of the 
variation in air temperature it is somewhat difficult to state definitely 
when the maximum temperature was attained by all the different ma- 
nures. The results seem to show, however, that this was attained at 
different days by the different kinds as well as by the different amounts 
of manure but practically on the third, fourth and fifth day. The larger 
quantities of every kind of manure attained the maximum temperature 
earlier than the smaller quantities. The horse manure attained the high- 
est temperature first, followed by cow and sheep one day later. The 
magnitude of rise of temperature was also in the same order. The maxi- 
mum temperature given by the 40 tons of the horse manure was 2.18° C., 
of the cow 1.27°, and of the sheep 1.28° and by the 10 tons of the horse 
manure .5696°, cow .7847°, and sheep .4812°. While the highest tem- 
perature reached by 100% horse manure was 23.27° C. and by the same 
percent of cow manure 3.67° C. The check or the unmanured soil was 
taken as a unit in every case. 

After the highest point was reached the temperature began to de- 
crease slowly but on the whole it remained quite constant almost to 
the end of January. During this time it varied from day to day with the 
air temperature. By the middle of February it began to become some- 
what imperceptible among the different kinds of manure as well as 
among the different amounts within the same kind of manure. In fact 
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the temperature of the sheep manure began to become less than that 
of the check. 

When the daily records, or for those days that the records were taken, 
are arranged in averages for the whole period, namely, from December 
28th to April 10th, it is found that in every case the rise of temperature 
increased very regularly and gradually with the increase in the amount 
of manure so that the difference between the soil with no manure and 
that containing 40 tons of manure was for horse manure 1.23°, for cow 
manure .91°, and for the sheep manure, .80° C.; while the difference be- 
tween no manure and 10 tons of manure was for the horse manure .30°, 
for cow .49°, and for sheep .20° C. 

From these results it would seem that the application of 40 tons of 
manure and especially of horse manure, would raise the soil tempera- 
ture quite appreciably above that of the unmanured soil and keep it 
warmer for a long period, but such heavy applications or dressings are 
very seldom applied. The most common and practical dressing is about 
10 tons to the acre. This amount raised the temperature of the soil 
about half a degree and at the end of the whole period this soil was 
only about a quarter of a degree warmer than the wholly unmanured 
soil. This warmth or rise is unimportant for practical conditions; 
it is too small to have any important influence. Furthermore, when it 
is considered that the decomposition processes require a high tempera- 
ture for their maximum activity, then manure, even in fairly large 
amounts, can add no or very little heat to the soil at the time when the 
latter needs it the most. 


on 
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SUMMARY. 


In this bulletin there is presented the results of an investigation upon 
the general subject of soil temperature. It was shown at the outset 
that the problem is very complex—it involves a variety of factors—and 
in order to arrive at proper and definite conclusions it must be studied 
from as broad a standpoint as possible. The attempt was made and the 
results obtained may be summarized as follows: 

The specific heat of different types of soil, gravel, sand, loam, clay 
and peat, in dry condition did not differ very materially; this was true 
both by equal weights as well as by equal volumes. The specific heat of 
peat was about half as great as that given to it by other investigators. 
The moisture content of these different soils in their natural condition 
varied very greatly and since water has such high specific heat, it made 
a tremendous difference in their final specific heat. 

The heat transference in these different soils was measured (1) in 
their dry condition; (2) in their natural state under laboratory condi- 
tions; and (3) under field conditions. It was found in all these three 
states that the order of heat conductivity was the same: gravel pos- 
sessed the highest heat transmitting power, followed in order by sand, 
clay, loam and peat, respectively. Convectional currents, molecular 
diffusion and distillation influenced very greatly the rate of flow of heat, 
and consequently the values obtained do not represent the true heat 
conducting power of these different types of soil. 

In field conditions, the solar radiation tended to travel with greater 
rapidity and facility vertically than horizontally. 

The study on radiation showed that color had no effect upon radia- 
tion, which is contrary to the common belief, but it had upon absorp- 
tion; that the different types of soil tended to radiate differently when 
dry, about the same and more when well moistened and in their natural 
condition, and that a dry surface or mulch reduced the radiation. In 
the dry state, sand exhibited the highest radiating power followed by 
gravel, clay, loam, and peat respectively. The water, however, had by 
far the highest radiation capacity of any soil either in the dry or moist 
state. 

When the temperature of these different types of soil (all covered 
with a thin layer of the same kind of soil in order to eliminate the 
factor of color, and other factors) was studied under field conditions, 
it was found that they all cooled and froze about the same time in the 
upper 6 inches, but in the spring they thawed and warmed up at differ- 
ent rates. This was attributed to their different specific heats and to 
- the downward and upward trend of air temperature in the fall and 
spring respectively. The gravel and sand thawed first, followed by clay 
1 day later, loam 2 days later, and peat 10 days later. The temperature 
of the first two soils rose very rapidly after thawing, while that of the 
others rose very slowly. When the lower depths of the latter soils had 
thawed, however, their temperature rose also quite rapidly and finally 
reached the same degree of magnitude as in the former or lighter soils, 
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and all continued to have almost the same temperature from then on 
throughout the summer, autumn and winter. 

This equal degree of warmth of all these different types of soil dur- 
ing the warm part of the year and especially during the summer sea- 
son, was believed to be due largely to the thin layer of the same kind 
of soil with which they were all covered. This thin layer of soil tended 
to equalize the amount of heat that penetrated into these different kinds 
of soils by eliminating the differences of their color and by equalizing, 
to a large extent, the amount and rate of evaporation of their moisture. 
If it had not been for this external layer of soil these different soil 
types would have taken in unequal amounts of heat and consequently 
their temperature would have been different. This point, however, is 
now under investigation. 

Of all these different types of soil, sand showed the greatest ampli- 
tude and was followed by gravel, clay, loam, and peat, respectively. 
The greatest monthly fluctuation for all soils occurred in June and the 
least in February. 

The different meteorological elements played a great part in the tem- 
perature of these soils, but on account of the complexity of their be- 
havior it was difficult to trace the direct influence of all of them. The 
influence of the most important ones was discussed in detail. 

The results from the investigation on the effect of organic matter on 
soils temperature showed that the rate of thawing was about propor- 
tional to the amount of organic matter present, but that after thaw- 
ing the temperature of the soils containing 2.01, 3.32, 5.47 and 6.95% 
organic matter was higher throughout the summer than the temperature 
of the white sand and of the peat. The temperature of these last two 
soils was about the same during the warmer part of the year, but during 
the cold seasons the peat had a higher temperature. The magnitude 
of the amplitude of all these soils behaved in the same order as the aver- 
age temperature. 

The conditions of cultivation, noncultivation and sod had a very dis- 
tinct effect upon the soil temperature. During the winter all three 
plots had about the same temperature with a small difference in favor 
of the sod. In the spring the sod and uncultivated plots thawed first 
and the cultivated plot about one day later, at the 7 inches depth. The 
temperature of the sod plot rose several degrees above that of the other 
two plots and continued to be in excess until the plants had made a 
considerable growth, and then it dropped below that of the two bare 
plots, and remained so throughout the summer months, but when the 
cold period came the order was reversed,—the temperature of the bare 
plots fell below that of the sod plot and continued to be lower through- 
out the second winter. The temperature of the cultivated plot rose slight- 
ly higher than that of the uncultivated, after thawing, and continued to 
be slightly higher during the early part of the spring season or up to 
about the middle of May, and then the uncultivated plot became the 
warmer and remained so throughout the whole summer. During the fall 
both plots had about the same temperature with a slight difference in fa- 
vor of the uncultivated plot. The difference in temperature between these 
two plots was explained upon the following general facts: (1) Different 
rate of evaporation; (2) different rate of heat conductivity; (38) differ- 
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ence in temperature at the lower depths, and (4) the effect of the dry 
mulch of the cultivated soil. 

Salt solutions had a very marked influence on the rising and lowering 
of soil temperature. Different salt solutions of the same density or 
the same solution of different densities raised the soil temperature con- 
siderably. Their influence was also very pronounced on the rate and 
degree of lowering of temperature, as well as on the rate of thawing. 

The different kinds of manure raised the soil temperature differently,— 
horse manure the most, sheep manure the least, and the cow manure 
intermediate. In every case the greatest rise took place in the first 
three or four days. The rise increased with the increase in quantity. 
The degree of rise is probably insignificant for practical conditions. 

It is thus seen that the general subject of soil temperature is very 
complex, that the number of factors influencing it is very large, that 
the effect of these different factors may be direct or indirect, dependent 
or independent, large or small, and that some of these factors can be 
controlled and others cannot, for the final modification of soil tempera- 
ture. 
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The following laws passed by the legislature of 1918, with the admin- 
istration of which the State Board of Agriculture is concerned, are 
here re-printed for the benefit of those who are interested in them. 

The immediate administration of these acts has been placed in the 
hands of the following persons: The seed law, Dr. E. A. Bessey, Pro- 
fessor of Botany; the insecticide law, Professor A. J. Patten, Chemist 
of the Experiment Station; and the apiary law, Professor R. H. Pettit, 
in charge of the Department of Entomology. 


AC Pe202P Ar i913: 


An Act to regulate commerce in certain agricultural seeds and for 
other purposes. 


The People of the State of Michigan enact: 


Section 1. For the purposes of this act, agricultural seeds are defined 
as the seeds of alfalfa, barley, Canadian blue grass, Kentucky blue grass, 
brome (awnless) grass, buckwheat, alsike clover, crimson clover, red 
clover, white clover, field corn, Kaffir corn, meadow fescue, flax, millet, 
oats, orchard grass, rape, red top, rye, sorghum, timothy and wheat which 
are to be used for sowing or seeding purposes. 

Sec. 2. Every lot of agricultural seed as defined in section one of 
this act, which is offered or exposed for sale within this State for 
seeding purposes in this State in lots of eight ounces or more, shall be 
accompanied by a plainly written or printed statement in the English 
language stating, except where agricultural seed, as defined in section 
one of this act, is sold at retail from the original package, and said 
original package being marked in accordance with the provisions of 
this act: 

1. Name of agricultural seed. 

2. Name and address of person selling or offering for sale such seed. 

3. The approximate percentage by weight of purity or freedom of 
such seed from foreign matter or from other seeds distinguishable by 
their appearance. 

4. The approximate percentage by weight of contamination, specifying 
by name each kind present in greater proportion than one per cent by 
weight of the whole. 

Sec. 3. The seeds of quack grass (Agropyron repens), Canada thistle 
(Cirsium arvense), clover and alfalfa dodder (Cuscuta epithymum) and 
field dodder (Cuscuta arvensis), are hereby defined as noxious weed 
seeds. No person or persons, firm or corporation shall by himself, his 
agent or representative of any other person, firm or corporation, offer or 
expose for sale or distribution for seeding purposes in this State, or 
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sow or cause to be sown in this State any agricultural seeds defined in 
section one of this act, containing a greater amount or proportion 
than one seed of any or all of said noxious weeds to two thousand seeds 
of the variety of agricultural seed sown, offered or exposed for sale. 

Sec. 4. The percentage of purity of agricultural seeds required 
under section two of this act shall be based upon a test or analysis con- 
ducted either by the State Board of Agriculture or its employes, or by 
the vender of the agricultural seeds or his agents: Provided, That such 
test or analysis made by the vender or his agents, shall conform to the 
reasonable regulations which said board is hereby authorized and di- 
rected to prescribe or shall conform to the reasonable regulations or 
methods of testing adopted or used by the Association of Official Seed 
Analysts or the United States Department of Agriculture. 

Sec. 5. Whoever buys or sells or sows agricultural seeds, defined 
in section one of this act for use in this State, for seeding purposes, 
may submit his samples of such seeds to the State Board of Agriculture 
for examination and test of purity, and said Board of Agriculture shall 
cause such examination to be made as promptly as possible and re- 
ported to the sender. For tests of purity, said Board shall charge a 
fee of twenty-five cents for the examination of each sample, which fee 
shall be payable in advance. All moneys received as such fees shall be 
paid to the State Board of Agriculture. 

Sec. 6. The enforcement of this act shall be entrusted to the State 
Board of Agriculture, which is hereby authorized to appoint such in- 
spectors, assistants and deputies as may be necessary to enforce this 
act and is authorized in person or by its inspectors or assistants to 
take for analysis, paying the reasonable purchase price, a sample not 
exceeding four ounces in weight from any lot of agricultural seeds 
offered or exposed for sale: Provided, That said sample shall be drawn 
or taken in the presence of the vender or parties in interest, or his or 
their agents or representatives, and shall be taken from a parcel, lot 
or number of parcels, which shall not be less than ten per cent of the 
whole lot inspected, and shall be thoroughly mixed and then divided 
into two samples and placed in containers, carefully sealed, and a label 
placed on each container stating the name of the agricultural seed 
sampled, the name of the vender and the date and place of taking such 
samples, and said labels shall be signed by said State Board of Agricul- 
ture or its agents; or said samples may be taken in the presence of 
two disinterested witnesses if the vender or party in interest fails or 
refuses to be present when notified. One of said duplicate samples 
shall be left with or on the premises of the vender or party in interest 
and the other retained by the State Board of Agriculture for analysis 
and comparison with the label required by section two of this act. 

Sec. 7. The provisions of this act shall not apply to: 

First—Any person selling agricultural seeds direct to seed merchants 
or shipping to a general market to be cleaned or graded before being 
offered or exposed for sale for seeding purposes ; 

Second—Agricultural seed which is held in storage for the purpose 
of being cleaned; 

Third—Agricultural seed marked “not cleaned” and held or sold for 
shipment outside the State only. 

Sec. 8. Whoever sells, offers or exposes for sale within this State 
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any agricultural seeds defined in section one of this act, without comply- 
ing with the requirements of sections two and three of this act, or 
whoever falsely marks or labels any agricultural seeds under section 
two of this act, or whoever shall prevent the State Board of Agriculture 
or its duly authorized agents from inspecting said seeds and collecting 
samples as provided in section six of this act or whoever shall otherwise 
violate this act shall be guilty of a misdemeanor, and upon conviction 
shall be fined not more than one hundred dollars: Provided, however, 
That no prosecution for violation of this act shall be instituted except in 
the following manner: When the State Board of Agriculture believes 
or has reason to believe that any person has violated any of the pro- 
visions of section two, three and eight of this act, it shall cause notice 
of such fact, together with full specifications of the act or omission 
constituting the violation, to be given to said person, who either in per- 
son or by agent or attorney shall have the right, under such reasonable 
rules and regulations as may be prescribed by said State Board of 
Agriculture, to appear before said Board and introduce evidence and 
said hearing shall be private. If after said hearing or without such 
hearing, in case said person fails or refuses to appear, said State Board 
of Agriculture shall decide and decree that any or all of said specifica- 
tions have been proven to its satisfaction, it may at its discretion so 
certify to the proper prosecuting attorney and request him to prosecute 
said person according to law for violation of this act, transmitting 
with said certificate a copy of the specifications and such other evidence 
as shall be deemed necessary and proper, whereupon said prosecuting 
attorney shall prosecute said person according to law. 

Sec. 9. The results of the analyses and tests of seed made by the 
State Board of Agriculture may, at its discretion, be published in its 
reports. 

Sec. 10. The necessary expense incurred in carrying out the pro- 
visions of this act shall be certified by .the Secretary of the State Board 
of Agriculture to the auditor general, who shall thereupon issue his 
warrant upon the State treasurer for the payment thereof, but the total 
amount so paid in any one fiscal year shall not exceed two thousand 
dollars. 

Sec. 11. The words “persons,” “vender” and “party in interest” and 
“whoever,” as used in this act, shall be construed to import both plural 
and singular as the case demands, and shall include corporations, com- 
panies, societies and associations. 

Sec. 12. Act number two hundred eighty-nine of the Public Acts 
of nineteen hundred nine, and all acts or parts of acts inconsistent 
with the provisions of this act are hereby repealed. 

Of particular interest to seed dealers throughout the state are the 
provisions of Sections 2, 3, 6 and 8. Whereas the present law provides 
that packages under one pound in weight do not come within the pro- 
vision of the law, the new law lowers this limit to eight ounces. The 
most important provision, however, is that which provides that all such 
paskages, of eight ounces or more, offered for sale shall be 
labeled. This does not mean that it is necessary that there shall be 
formal printed labels although it is probable that wholesale dealers, 
both outside and in the state, will furnish such to retail dealers to be 
affixed to packages made up from the bulk seed sold by the wholesaler. 
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The features that will require the greatest care are those that require 
the approximate percentages by weight of purity and the approximate 
percentages by weight of contaminates, specifying the kinds that are 
present in quantities greater than one per cent and also the provision 
that no seeds may be sold or offered for sale that contain more than one 
seed in two thousand of quack grass, Canada thistle, and the two 
dodders mentioned. This point will make it necessary that the seed 
dealers or the wholesaler from whom the smaller dealers purchase their 
seed, must analyze their seed. In case this is done by the wholesalers 
or by the larger seed firms, these analyses will naturally be furnished 
to the retail dealers either on printed reports furnished by the whole- 
salers or on the label itself that is attached to the lot so that the retail 
dealer will be able to obtain his analysis in that way. However, where 
the retail dealer buys his seed from the growers, it will be necessary 
that he make an analysis before he can sell that seed. If it is not pos- 
sible for him to make the analysis himself, he can have this made by 
another person who is competent to do the work or, on payment of 
twenty-five cents for each sample analyzed, can have it made by the 
State Board of Agriculture or more accurately, by the seed analyst 
appointed by the State Board of Agriculture and placed under the 
supervision of the Department of Botany of the College. In case the 
dealers make their own analyses, these should conform in general to- 
the regulations and methods of testing used by the United States 
Department of Agriculture. 

The Act does not apply to growers selling seeds to seed merchants 
or growers shipping seed to be cleaned and graded before being sold, 
or to seed which is held in storage for the purpose of being cleaned or 
for seed marked “not cleaned” and held or sold for shipment outside 
the state. The latter, however, must conform to the government regula- 
tion governing shipment of seed in interstate commerce. 

Of interest to the consumers are the paragraphs concerning the purity 
of the seed. It is particularly desirable that consumers take great care 
not to buy seed that has not the proper labels as the very fact that 
this seed is not labeled should be prima facie evidence that the dealer 
is not conforming to the provision of the law. It should also be noted 
that seed containing quack grass, Canada thistle, and the dodders to 
the amount of one seed in two thousand is not only forbidden to be 
sold but also may not be sown. 

Any further information concerning the law may be obtained from the 
Secretary of the State Board of Agriculture or from the Department 
of Botany at the Agricultural College, East Lansing, Michigan. 

It is highly desirable that the newspapers call attention to this law 
as far as possible and that this information receive the widest possible 
diffusion in order that dealers and others may not violate the law in 
ignorance of its provisions. 

ERNST A. BESSEY, 
ast Lansing, Michigan. 
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Act 254, P. A. 1913. 


For preventing the manufacture, sale or transportation of adulterated 
or misbranded Paris greens, lead arsenates, and other insecticides, 
and also fungicides, and for regulating traffic therein. 


The People of the State of Michigan enact: 


Secrion 1. It shall be unlawful for any person to manufacture, sell, 
offer or expose for sale within the State of Michigan any insecticide, 
Paris green, lead arsenate, or fungicide which is adulterated or mis- 
branded within the meaning of this act; and any person who shall 
violate any of the provisions of this act shall be guilty of a mis- 
demeanor and upon conviction thereof shall be fined not to exceed two 
hundred dollars for the first offense, and upon conviction for each sub- 
sequent offense shall be fined not to exceed three hundred dollars, or 
sentenced to imprisonment in the county jail for a period not exceeding 
ninety days, or both in the discretion of the court. 

Sec. 2. The State Board of Agriculture shall make uniform rules 
and regulations for carrying out the provisions of this act, including 
the collection and examinations of specimens of insecticides, Paris 
green, lead arsenates, and fungicides manufactured or offered for sale 
in the State of Michigan. 

Sec. 3. The examination of specimens of insecticides, Paris greens, 
lead arsenates, and fungicides shall be made at the Agricultural College 
by such existing departments as may be directed by the State Board of 
Agriculture for the purpose of determining from such examination 
whether such articles are adulterated or misbranded within the meaning 
of this act; and if it shall appear from any such examination that 
any of such specimens are adulterated or misbranded within the mean- 
ing of this act, the State Board of Agriculture shall cause notice thereof 
to be given to the party from whom such sample was obtained. Any 
party so notified shall be given an opportunity to be heard, under such 
rules and regulations as may be prescribed as aforesaid, and if it 
appears that any of the provisions of this act have been violated by 
such party, then the State Board of Agriculture shall at once certify the 
facts to the attorney general, or prosecuting officer of the county in 
which the offense is committed, with a copy of the results of the analysis 
or the examination of such article duly authenticated by the analyst 
or officer making such examination under the oath of such officer. 
After judgment of the court, notice shall be given by publication in 
such manner as may be prescribed by the rules and regulations aforesaid. 

Sec. 4. It shall be the duty of the attorney general or other prose- 
cuting officer to whom the State Board of Agriculture shall report any 
violation of this act, to cause appropriate proceedings to be commenced 
and prosecuted in the proper courts of the State of Michigan without 
delay, for the enforcement of the penalties as in such case herein 
provided. 

Sec. 5. The term “insecticide” as used in this act shall include any 
substance or mixture of substances intended to be used for preventing, 
destroying, repelling or mitigating any insects which may infest vegeta- 
tion, man or animals, or households, or be present in any environment 
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whatsoever. The term “Paris green” as used in this act shall include 
the product sold in commerce as Paris green and chemically known as 
the aceto-arsenite of copper. The term “lead arsenate” as used in this 
act shall include the product or products sold in commerce as lead 
arsenate and consisting chemically of products derived from arsenic 
acid (H,AsO,) by replacing one or more hydrogen atoms by lead. The 
term “fungicide” as used in this act shall include any substance or 
mixture of substances intended to be used for preventing, destroying, 
repelling, or mitigating any and all fungi that may infest vegetation 
or be present in any environment whatsoever. 

Src. 6. For the purpose of this act an article shall be deemed to be 
adulterated, in case of Paris green: 

First, If it does not contain at least fifty percentum of arsenious 
oxide; 

Second, If it contains arsenic in water-soluble forms equivalent to 
more than three and one-half percentum of arsenious oxide; 

Third, If any substance has been mixed and packed with it so to 
reduce or lower or injuriously affect its quality or strength. 

In the case of lead arsenate: 

First, If it contains more than fifty percentum of water; 

Second, If it contains total arsenic equivalent to less than twelve 
and one-half percentum arsenic oxide (As, O,) ; 

Third, If it contains arsenic in water-soluble forms equivalent to 
more that seventy-five one hundredths percentum of arsenic oxide 
(As, O;) 5 

Fourth, If any substances have been mixed and packed with it so 
as to reduce, lower, or injuriously affect its quality or strength: Pro- 
vided, however, That extra water may be added to lead arsenate (as 
described in this paragraph) if the resulting mixture is labeled lead 
arsenate and water, the percentage of extra water being plainly and 
correctly stated on the label. 

In the case of insecticides or fungicides, other than Paris green and 
lead arsenate: 

First, If its strength or purity falls below the professed standard or 
quality under which it is sold; 

Second, If any substance has been substituted wholly or in part for 
the article; 

Third, If any valuable constituent of the article has been wholly or 
in part abstracted ; 

Fourth, If it is intended for use on vegetation and shall contain any 
substance or substances which, although preventing, destroying, repelling, 
or mitigating insects, shall be injurious to such vegetation when used 
as recommended by the manufacturer. 

Sec. 7. The term “misbranded” as used herein shall apply to all 
insecticides, Paris green, lead arsenates, or fungicides or articles which 
enter into the composition of insecticides or fungicides, the package 
or label of which shall bear any statement, design, or device regarding 
such article or the ingredients or substances contained therein which 
shall be false or misleading in any particular, and to all insecticides, 
Paris green, lead arsenates, or fungicides which are falsely branded as 
to the state, territory, or country in which they are manufactured. For 
the purpose of this act an article shall be deemed to be misbranded, in 
the case of insecticides, 
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Paris greens, lead arsenates and fungicides: 

First, If it be an imitation or offered for sale under the name of 
another article; 

Second, If it is labeled or branded so as to deceive or mislead the 
purchaser, or if the contents of the packages as originally put up shall 
be removed in whole or in part and other contents shall have been 
placed in such packages ; 

Third, If in package form, and the contents are stated in terms of 
weight and measure, they are not plainly and correctly stated on the 
outside of the package; in this connection it is held to be permissible 
to state the average net weight of the package. 

In the case of insecticides (other than Paris green and lead arsenates) 
and fungicides: 

First, If it contains arsenic in any of its combinations or in the 
elemental form and the total amount of arsenic present (expressed as 
per centum or metallic arsenic) is not stated on the label; 

Second, If it contains arsenic in any of its combinations or in the 
elemental form and the amount of arsenic in water-soluble forms (ex- 
pressed as percentum or metallic arsenic) is not stated on the label; 

Third, If it does not state plainly upon the label the correct names 
and percentage amounts of each and every ingredient of the insecticide 
or fungicide having insecticidal or fungicidal properties and the total 
percentage of inert ingredients present. 

Sec. 8. No dealer shall be prosecuted under the provisions of this 
act when he can establish a guaranty signed by the wholesaler, jobber, 
manufacturer, or other party residing in the State of Michigan from 
whom he purchased such articles, to the effect that the same is not 
adulterated or misbranded within the meaning of this act, designating 
it. Said guaranty, to afford protection, shall contain the name and 
address of the party or parties making the sale of such articles to such 
dealer, and in such case, said party or parties shall be amenable to 
the prosecutions, fines, and other penalties which would attach in due 
course to the dealer under this act. 

Sec. 9. The word “person” as used in this act, shall be construed 
to import both the plural and the singular, as the case demands, and 
shali include corporations, companies, societies, and associations. When 
construing and enforcing the provisions of this act, the act, omission, 
or failure of any officer, agent or other person acting for or employed 
by any corporation, company, society or association, within the scope 
of his employment or office shall in every case be also deemed to be the 
act, omission, or failure of such corporation, company, society, or asso- 
ciation as well as that of the other person. 

Sec. 10. The necessary expense incurred in carrying out ines pro- 
visions of this act, shall be paid by warrant of the auditor general 
drawn upon the state treasurer. Such expenses shall be certified to 
the auditor general by the State Board of Agriculture, but the total 
amount to be paid in any one fiscal year shall not exceed five hundred 
dollars. 

Sec. 11. Act number ninety-one and act number one hundred sixty- 
three of the Public Acts of nineteen hundred nine, and all acts or parts 
of acts in conflict with the provisions of this act, are hereby repealed. 
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Act 200, P. A. 1913. 


An act for the suppression of contagious diseases among bees in the 
State of Michigan, by creating the office of inspector of apiaries, to 
define the duties thereof, and to appropriate money therefor, and to 
repeal act number sixty-six of the Public Acts of nineteen hundred 
one, and all other acts and parts of acts inconsistent herewith. 


The People of the State of Michigan enact: 


Section 1. The State Board of Agriculture is hereby authorized to 
establish apiary inspection, and to appoint a competent person as 
chief inspector, who shall under the direction of said Board, have charge 
of the inspection of apiaries as hereinafter provided. Said inspector 
shall investigate or cause to be investigated outbreaks of bee diseases, 
and cause suitable measures to be taken for their eradication or control. 

Sec. 2. The inspector shall, when notified in writing by the owner 
of an apiary, or by any three disinterested taxpayers, examine all 
reported apiaries and others in the same locality not reported, and 
ascertain whether or not the diseases known as American foul brood or 
European foul brood or any other disease which is infectious or con- 
tagious in its nature, and injurious to honey bees in their egg, larval, 
pupal or adult stages, exists in such apiaries; and if satisfied of the 
existence of any such disease, shall give to the owners or caretakers of 
the diseased apiaries, full instruction as to how to treat such cases: 
Provided, That if the colonies in question seem to be in such bad con- 
dition that treatment is not likely to be successful, or if it seems to 
the inspector that the chances of obtaining a cure are remote, and of 
this the inspector shall be the sole judge, it shall be the duty of the 
inspector to destroy said colonies by fire or burying or by both, without 
recompense to the owner, lessee or caretaker of said bees. He may 
also inspect apiaries in localities not reported, in endeavoring to locate 
new areas of infection. 

Sec. 3. The inspector shall, if possible, visit all diseased apiaries a 
second time after ten days from the time of the first visit, unless he has 
reasonable assurance that his directions have been carried out, and if 
need be, without recompense to the owner, lessee, or agent thereof, 
he may destroy, in such manner as to avoid as far as possible, spread- 
ing the disease, all colonies of bees that he may find still diseased, to- 
gether with the hives and all honey and appliances which may spread 
disease: Provided, That when the finding of the disease occurs in its 
incipient stages very late in the season after the honey flow has ceased, 
and after it is too late to successfully treat and feed, the treatment may 
be deferred until the following spring, if such delay is necessary in the 
judgment of the inspector. 

Sec. 4. If the owner, possessor, agent or lessee of an apiary, honey 
or appliances, wherein disease is known to the owner, possessor, agent 
or lessee to exist, shall sell, barter or give away or remove from the 
premises, without the consent of the inspector, any bees from diseased 
colonies, be they queens, drones, or workers, honey or appliances, or 
expose other bees to the danger of such disease, said owner shall, on 
conviction thereon be punished by a fine of not less than ten dollars nor 
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more than fifty dollars and costs of prosecution: Provided, That bees 
may be shipped without honey or feed containing honey, also provided 
that honey may be sold in tight containers for commercial purposes, other 
than with bees or as food for bees. 

Sec. 5. For the enforcement of the provisions of this act, the State 
inspector of apiaries shall have access, ingress and egress to and from 
all apiaries or places where bees, combs, or apiary appliances are kept; 
and any person or persons who shall resist, impede or hinder in any 
way, the inspector of apiaries in the discharge of his duties under 
the provisions of this act, shall on conviction thereof be punished by a 
fine not less than ten dollars nor more than fifty dollars and costs of 
prosecution, or be imprisoned in the county jail not less than ten days 
nor more than thirty days, or both at the discretion of the judge. 

Sec. 6. After inspecting infected bees or fixtures, or handling dis- 
eased bees, the inspector shall, before leaving the premises, or pro- 
ceeding to any other apiary, take such measures as shall prevent the 
spread of the disease by infected material adhering to his person or 
clothing or to any tools or appliances used by him, which have come 
in contact with infected materials. 

Sec. 7. It shall be the duty of any person in the State of Michigan, 
engaged in the rearing of queen bees for sale, to use honey in the making 
of candy for use in mailing-cages, which has been boiled for at least 
thirty minutes, unless candy which contains no honey at all is used. Any 
such person engaged in the rearing of queen bees shall have his or her 
queen rearing and queen mating apiary or apiaries inspected at least 
twice during each summer season by the inspector of apiaries, and on 
the discovery of the existence of any disease which is infectious or con- 
tagious in its nature and injurious to bees in their egg, larval, pupal, or 
adult stages, said person shall at once cease to ship queen bees from 
such diseased apiary until the inspector of apiaries shall declare the 
said apiary free from disease. On complaint of the inspector of apiaries 
ov of any five bee-keepers in the State, that said bee-keeper, engaged in 
the rearing of queens, is violating the provisions of this section, he shall 
upon conviction, be punished by a fine of not less than twenty dollars 
nor more than fifty dollars. 

Sec. 8. It shall be the duty of any person in the State of Michigan 
engaged in bee-keeping to securely and tightly close the entrance of 
any hive or hives in apiaries not free from disease in which the bees 
shall have died either during the winter or at any other time, and to 
make the hive or hives tight in such manner that robber bees shall not 
find it possible to gain ingress or egress to and from such hives or to 
obtain honey from such hives. The sealing of the hives must be main- 
tained so long as the hives remain in the yard or in any place where 
honey bees can gain access to them, and failure to comply with this pro- 
vision shall constitute a misdemeanor, and on conviction thereof, he 
or she shall be punished by a fine of not less than five dollars nor more 
than twenty-five dollars for each offense. 

Sec. 9. It shall be the duty of any one keeping bees in the State of 
Michigan, to deeply bury all combs and frames taken from diseased 
colonies, in places where they shall remain undisturbed, unless they be 
placed in tight receptacles so constructed that it shall be impossible 
for bees to gain access to combs, or for honey or any other liquid to 
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leak out where bees can gain access to it. Anyone knowingly exposing 
comb, honey, frames, quilts, empty hives, covers or bottom-boards, or 
tools or other appliances contaminated by infected material from the 
same, from diseased colonies, shall on conviction thereof, be punished by 
a fine of not less than twenty-five dollars nor more than fifty dollars: 
Provided, That the wax may be rendered in such place or at such time 
that no bees will be able to gain access to the comb before it is thoroughly 
heated, or at any time to the liquids expressed in the process of rendering. 

Sec. 10. All colonies of bees and all nuclei which is brought into 
the State of Michigan from other states or from other countries, not 
accompanied by a certificate of health from the official inspector of the 
place from whence they came, shall be reported immediately to the State 
inspector of apiaries, and such colonies or nuclei shall be inspected by 
him at such time as is expedient. Failure to report such importation of 
bees shall, on conviction thereof, be punishable by a fine of not less 
than one dollar for each colony or nucleus. 

Sec. 11. The State inspector of apiaries shall receive such compensa- 
jion as the State Board of Agriculture shall determine, and said in- 
spector shall render annual reports to the State Board of Agriculture, 
giving the number of apiaries visited, the number of diseased apiaries 
found, the number of colonies treated, also the number of colonies 
destroyed, and the expense incurred in the performance of his duty. He 
shall also keep a careful record of the localities where the disease exists, 
but this record shall not be public, but may be consulted with the con- 
sent of the inspector of apiaries. 

Sec. 12.) For the purpose of carrying out the provisions of this act, 
there is hereby appropriated out of the moneys in the State treasury not 
otherwise appropriated, the sum of fifteen hundred dollars per annum, 
or so much thereof as may be necessary, and all moneys appropriated 
under this act, or so much thereof as may be necessary to carry out its 
provisions, shall be expended by the inspector of apiaries under the 
direction of the State Board of Agriculture, and the same shall be drawn 
from the treasury upon presentation of proper certificates of said Board 
to the auditor general, and his warrant to the State treasurer. 

Sec. 18. Act number sixty-six of the Public Acts of nineteen lun- 
dred one and all acts and parts of acts inconsistent herewith are hereby 
repealed. 


RULES AND REGULATIONS IN RELATION TO THE 
INSECTICIDE LAW. 


Aet 254) Py A. 1913: 


By action of the State Board of Agriculture the Division of Chem- 
istry of the Experiment Station has been charged with enforcing the 
provisions of the law. All labels, therefore, should be submitted to the 
Chemical division for approval. Since the law has been patterned after 
the Federal Insecticide Law all labels approved by the Federal In- 
secticide Board will, so far as possible, be allowed in Michigan. 

An inspection and analysis of all insecticides sold in the state will 
be made each vear and the results published. The Chemical division 
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cannot undertake to analyze insecticide samples sent in by residents of 
the state unless they are received in original, unbroken packages or, 
if taken from bulk packages unless accompanied by a statement that 
the samples were taken in such a manner as to fairly represent the 
contents of the packages. Such samples must be forwarded in sealed 
packages in order to prevent evaporation of moisture. The taking of a 
sample and the accompanying statement must be witnessed by a 
responsible party other than the dealer. 
88 
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